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INTRODUCTION
Each y e a r  th ro u g h o u t t h i s  c o u n try , thousands o f  a c r e s  o f n a t iv e  
range and p a s tu re  la n d s  a re  a c c id e n ta l ly  o r d e l ib e r a t e ly  burned . I t  i s  
e s tim a te d  th a t  o n e - th ird  o f th e  p re se n t n a tu r a l  v e g e ta t io n  on th e  e a r th  
has been a f f e c te d  by f i r e  (S han tz  1947). U ndoubtedly, ou r ran g e lan d s 
have been su b je c te d  to  p e r io d ic  b u rn in g  from n a tu r a l  causes f o r  thousands 
o f y e a r s .  S ince  e a r ly  t im e s , man has used f i r e  as a b e n e f i c i a l  t o o l  in  
la n d  c le a r in g ,  h u n tin g , w a rfa re , and more r e c e n t ly ,  in  range improvement 
work.
F i r e  i s  harm ful to  some degree to  most p e re n n ia l  v e g e ta t io n .  I t  
no t o n ly  removes th e  c u r re n t  fo rag e  and th e  p ro te c t iv e  cover b u t cau ses  
some in ju r y  t o  th e  s o i l  and in d iv id u a l  p l a n t s .  There i s  alw ays th e  dan­
g e r  o f e ro s io n  fo llo w in g  b u rn in g , p a r t i c u l a r l y  when th e  b u rn in g  i s  done 
on s te e p  s lo p e s ,  and when th e  b u rn in g  i n t e n s i t y  i s  heavy. The p e r io d i ­
c i t y  and tim in g  o f  f i r e  may be e s p e c ia l ly  s ig n i f i c a n t .  The e f f e c t s  o f 
re p e a te d  f i r e s  o f te n  a re  c u m u la tiv e , th e re b y  g iv in g  r i s e  to  s u b s t a n t i a l  
s o i l  lo s s e s .  A s in g le  f i r e  may have l i t t l e  e f f e c t .
The e f f e c t s  o f f i r e  on g ra s s la n d  com m unities i s  a c o n t r o v e r s ia l  
s u b je c t  even w ith  th e  p re s e n t a v a i la b le  d a ta .  There a re  p ersons who a s ­
sume th a t  any ty p e  o f  bu rn ing  causes sev e re  damage to  th e  p la n t  community. 
T his assum ption  r e s u l t s  from th e  f a c t  t h a t  th e y  a s s o c ia te  f i r e  w ith  d e s ­
t r u c t io n .  P erso n s who ad v o ca te  c o n tro lle d  b u rn in g  contend t h a t  such bu rn ­
in g  i s  b e n e f ic ia l  i f  fo llow ed  by good management p r a c t i c e s .  F in a l ly ,  
th e re  a re  th o s e  persons who la c k  any a p p re c ia t io n  o f th e  damage o r bene­
f i t s  d e r iv e d  from b u rn in g  and f a i l  t o  e x e rc is e  p ro p e r management on 
burned  ra n g e s .
D e sp ite  th e  sen tim en t which has p re v a ile d  a g a in s t  b u rn in g , f i r e  
has been used  th ro u g h o u t t h i s  c o u n try  f o r  managing g raz in g  la n d s ,  p a r t i c  
u l a r ly  on lo n g le a f  p in e  ( P inus p u l u s t r i s ) la n d s  in  th e  so u th e a s t and on 
b lu estem  (Andropogon sp p . ) p a s tu re s  in  th e  m idw est. S in ce  1930 s tu d ie s  
on b ru sh  c o n t r o l ,  p a r t i c u l a r l y  sag eb ru sh , have le d  to  th e  use o f con­
t r o l l e d  b u rn in g  as a means to  improve such ran g es  where s o i l ,  s lo p e  and 
u n d e rs to ry  a re  fa v o ra b le . The l im i t s  as  to  which f i r e  can be used has 
y e t to  be f u l l y  de term in ed .
T here  i s  now some ev idence  to  in d ic a te  t h a t  f i r e  p ro p e r ly  con­
t r o l l e d  may be u s e f u l  in  management o f ra n g e la n d s . To an a ly ze  f u l l y  th e  
e f f e c t s  o f  f i r e  on n a tiv e  g ra s s la n d s ,  i t  i s  e s s e n t i a l  to  s tu d y  a l l  ty p es  
o f b u rn in g  under as many c o n d itio n s  a s  p o s s ib le .
The purpose o f t h i s  s tu d y  was to  o b ta in  e c o lo g ic a l  and economic 
d a ta  on n a tiv e  m ountain  g ra s s la n d s  in  w este rn  Montana which had burned  
under v a r io u s  p la n t  community com positions and lo c a l  p h y sio g rap h ic  and 
c l im a tic  c o n d it io n s . Such in fo rm a tio n  may be u s e f u l  in  p re d ic t in g  what 
r e s u l t s  may be expected  on s im i la r  g ra s s la n d  a re a s  i f  burned in  th e  
f u tu r e .
REVIEW OF LITERATURE
R esearch  on th e  e f f e c t  o f b u rn in g  n a tiv e  range v e g e ta t io n  has been 
e x te n s iv e , p a r t i c u l a r l y  in  re c e n t y e a r s .  A lthough many s tu d ie s  in d ic a te  
t h a t  c o n s id e ra b ly  l e s s  damage occurs th a n  m ight be e x p ec ted , th e  g e n e ra l  
consensus i s  t h a t  bu rn ing  in  most cases  i s  d e tr im e n ta l .
T here  have been s e v e ra l  in v e s t ig a t io n s  made in  th e  n o rth w est 011 
b u rn ing  n a t iv e  ran g es  which have v e g e ta t io n  s im i la r  t o  t h a t  found in  
W estern Montana. The e f f e c t s  o f  p lanned  burn ing  o f sag e b ru sh -g ra s s  ran g ­
es in  Idaho  and Montana w ere s tu d ie d  by P e ch an ic , S tew art and B la i s d e l l  
(1 9 4 4 ), Evanko (1949),, and M ueggler and B la i s d e l l  (1 9 5 $ ). They re p o r te d  
th a t  f o r  th e  f i r s t  few y e a rs  a f t e r  b u rn in g , (1) d e s i r a b le  g ra s se s  were r e ­
duced in  d e n s i ty ,  (2) v ig o r  o f th e  p e re n n ia l  g ra s se s  and fo rb s  was tempo­
r a r i l y  a ffe c te d ., (3) fo rb s  were increased , in  d e n s i ty ,  and ( 4 ) F es tu ca  
id a h o e n s is  was s e v e re ly  damaged by b u rn in g .
M ueggler’s and B l a i s d e l l ’ s in v e s t ig a t io n s  a lso  showed th a t  Carex 
g e y e r i was damaged s e v e re ly  and Lupinus sp e c ie s  were b e n e f i te d  by b u rn ­
in g .
From d a ta  c o l le c te d  on th e  Fremont and C la rk  County e x p e rim en ta l 
a re a s  in  Id ah o , B la i s d e l l  (1953) d e sc r ib e s  th e  lo n g -te rm  e f f e c t s  o f s in g le - 
p lanned  b u rn in g  on sag e b ru sh -g ra ss  ra n g e s . These two a re a s  were burned 
c a r e f u l ly ,  one in  1933 and th e  o th e r  in  1936. P o r tio n s  o f b o th  a re a s  were 
s u b je c te d  to  l i g h t ,  m odera te , and heavy i n t e n s i t i e s  o f b u rn in g . O bserva­
t io n s  were made on th e  v e g e ta t io n  and th e  s o i l  p r io r  to  b u rn in g  and a t
p e r io d ic  i n t e r v a l s  a f te rw a rd s  u n t i l  1948.
The in fo rm a tio n  o b ta in e d  from th e s e  s tu d ie s  showed t h a t :  ( 1) F es­
tu c a  id a h o e n s is  and Poa spp . had no t re co v e red  f u l l y  from  th e  e f f e c t s  o f
b u rn in g  by 194®, (2) Agropyron sp ica tum  was one o f th re e  g ra s se s  t h a t  was 
l e a s t  damaged by b u rn in g  and had f u l l y  recovered  w ith in  th re e  y e a r s ,
(3) p e re n n ia l  fo rb s  were n o t damaged p erm anen tly , and (4) t o t a l  herbage 
p ro d u c tio n  o f fo rb s  had in c re a se d  s ig n i f i c a n t l y  by 194®, tw elve  to  f i f ­
te e n  y e a rs  a f t e r  th e  f i r e . ,
In  view  o f th e  r e s u l t s  o b ta in ed  from t h i s  s tu d y , B la i s d e l l  co n c lu d ­
ed t h a t  " — many o f th e  s t r i k in g  changes o f th e  f i r s t  few y e a rs  a re  tem ­
p o ra ry  and t h a t  a p lanned b u rn in g  program must c o n s id e r  lo n g -te rm  vegetal, 
tre n d .'*  He s ta t e d  t h a t  b u rn in g  in  l a t e  summer o r e a r ly  f a l l  would, g iv e  
th e  b e s t  r e s u l t s  on t h i s  ty p e  o f ran g e .
Countryman and C o rn e liu s  (1957) fo llow ed  th e  e c o lo g ic a l  t r e n d  on 
a b i t t e r b r u s h - p e r e n n ia l  g ra s s  range in  n o r th e a s te rn  C a l i f o r n ia  f o r  f iv e  
y e a rs  a f t e r  i t  had been burned  o v er a c c id e n ta l ly .  They found d u rin g  th e  
course  o f t h e i r  in v e s t ig a t io n  th a t  F e s tu c a  id a h o en s is  was damaged s e v e re ­
ly  and K o e le r ia  c r i s t a t a  was k i l l e d  ou t com pletely  by th e  f i r e .  The 
t o t a l  crown d e n s i ty  o f th e  burned a re a  was reduced  and rem ained below 
th a t  o f th e  unburned a re a  th ro u g h o u t th e  s tu d y . Poa secunda s te a d i ly  
d e c lin e d  in  number each y e a r  and by th e  f i f t h  y e a r none were to  be found 
on th e  burned, p lo t s .  They a l s o  re p o r te d  a heavy in v a s io n  o f  c h e a tg ra s s  
which o c cu rred  on th e  burned  a re a  d u rin g  th e  second y e a r  was on ly  tempo­
r a r y  f o r  v e ry  few p la n ts  rem ained by th e  f i f t h  y e a r .  A c h ille a  s p . made 
a ra p id  re c o v e ry  and was more abundant by th e  fo u r th  y e a r fo llo w in g  bu rn ­
in g .
Sampson (1 9 4 4 ), w h ile  s tu d y in g  th e  su cc e ss io n  o f p la n ts  on burned 
c h a p a rra l  lan d s  in  C a l i f o r n ia ,  found A c h ille a  s p . , Z igadenus s p . , and 
an n u a l g ra s se s  abundant d u rin g  th e  f i r s t  two y e a rs  fo llo w in g  b u rn in g  and 
th e n  d e c rea se d  in  number.
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C lark e  e t  a l  (1947) s ta t e d  t h a t  b u rn in g  on wheat g ra s s - ty p e  ran g es  
and p a s tu re s  in  so u th  c e n t r a l  Canada caused a d e c lin e  in  fo ra g e  y ie ld .  
They ex p la in ed  t h i s  d e c rea se  u — was m ain ly  due to  s tu n te d  grow th r a th e r  
th a n  to  k i l l i n g  o f p l a n t s . H
To d a te ,  in v e s t ig a t io n s  on th e  e f f e c t  o f b u rn in g  in  th e  N orthw est 
have been m ain ly  l im ite d  to  burned  b ru s h -g ra s s  ra n g e s , how ever, t h i s  
s tu d y  i s  concerned w ith  g ra s s  ran g es  o n ly . Because th e  p re sen ce  o f b ru sh  
v e g e ta tio n  te n d s  t o  in c re a s e  f i r e  i n t e n s i t y ,  th e  amount o f damage r e p o r t ­
ed may be g r e a te r  on b ru sh -g ra s s  ran g es  th a n  on ran g es  dom inated by 
g ra s s e s .  A lthough th e re  have been a number o f in v e s t ig a t io n s  made 
th ro ughou t t h i s  co u n try  on th e  e f f e c t s  o f b u rn in g  n a tiv e  g ra s s  ra n g e s , 
th e  r e s u l t s  o f such in v e s t ig a t io n s  may n o t be a p p l ic a b le  to  th e  co n d i­
t io n s  in  W estern Montana due to  d i f f e r e n c e s  in  c lim a te  and su b se q u e n tly  
d i f f e r  in  v e g e ta t io n .
The fo llo w in g  in v e s t ig a t io n s  show th e  e f f e c t  o f b u rn in g  on n a t iv e  
b lu e s tem  p a s tu re s  in  th e  midwest where such b u rn in g  has been th e  accep ted  
p r a c t ic e  f o r  many y e a r s .
H ensel (1923) and Aldous (1934) re p o r te d  b u rn in g  b lu estem  p a s tu re s  
in  Kansas caused a d e c rea se  in  y ie ld  o f  m ature v e g e ta t io n .  C o n v erse ly , 
E h ren re ic h  (1 9 5 9 ) , in  work done r e c e n t ly  in  Iow a, found no s ig n i f i c a n t  
d if f e r e n c e  in  t o t a l  v e g e ta t iv e  p ro d u c tio n  betw een burned  and unburned 
b lu estem  p a s tu r e s .
K e ltin g  (1 9 5 7 ), in  s tu d y in g  burned  b lu estem  p a s tu re s  in  W isconsin , 
found th a t  th e  t o t a l  a e r i a l  co v er was g r e a te r  on burned a re a s  d u rin g  th e  
f i r s t  few weeks o f  th e  growing sea so n , b u t a f t e r  t h a t  th e  cover on th e  
unburned a re a s  exceeded th a t  o f th e  burned a r e a s .  Aldous re p o r te d  t h a t  
t h i s  same s i t u a t i o n  o ccu rred  in  Kansas in  term s o f fo rag e  y ie ld .
I n v e s t ig a t io n s  by Penfound and K e ltin g  (1950) in  Oklahoma showed 
th a t  a d e c rea se  in  th e  fo rb  p o p u la tio n  r e s u l te d  when p a s tu re s  th e y  
s tu d ie d  were burned in  th e  l a t e  w in te r .  C o n v erse ly , A ldous s ta te d  t h a t  
th e  on ly  tim e when he found a re d u c tio n  in  th e  p o p u la tio n  o f fo rb s  was 
when he burned in  th e  l a t e  s p r in g .
Most o f  th e  in v e s t ig a to r s  s tu d y in g  in  th e  b luestem  re g io n  have 
re p o r te d  t h a t  burned p a s tu re s  have e a r l i e r  sp r in g  grow th and h ig h e r  s o i l  
te m p e ra tu res  th a n  do p a s tu re s  n o t burned . H e n se l, A ldous, and E nren- 
r e ic h  e x p la in ed  th a t  th e  e a r l i e r  sp r in g  grow th p ro b ab ly  was s tim u la te d  
by th e  h igh  s o i l  te m p e ra tu re s .
These same th re e  in v e s t ig a to r s  denoted  th a t  b u rn in g  o f  b luestem  
p a s tu re s  in  th e  l a t e  w in te r  o r  e a r ly  s p r in g  had no a p p a re n t ad v erse  e f ­
f e c t  on n a tiv e  v e g e ta t io n .
I n v e s t ig a t io n s  conducted  in  C a l i fo rn ia  by Hervey (1949) on an 
an n u al p la n t  com m unity's r e a c t io n  to  f i r e  showed an in c re a s e  in  produc­
t i o n  and p o p u la tio n  o f g ra s se s  and a d ecrease  o f  th e  fo rb s  on burned 
a re a s  r e g a rd le s s  o f th e  p re s e n t o r  p a s t  g ra z in g  h is to r y .
In  Utah on ungrazed burned  ranges P ic k fo rd  (1932) re p o r te d  burn ­
ing  had l i t t l e  e f f e c t  on p la n t d e n s i ty ,  bu t where a re a s  were su b je c te d  
to  b u rn ing  and heavy g ra z in g , t o t a l  d e n s ity , p a r t i c u l a r l y  t h a t  o f th e  
p e re n n ia l  g ra s se s  was red u ced . He found an n u al g ra s se s  and fo rb s  in ­
c re a se d  re g a rd le s s  o f tre a tm e n t.
The e f f e c t  o f b u rn in g  a mixed g ra s s -s h ru b  range in  A rizona was 
s tu d ie d  by Humphrey and E verson  (1951)• T h is  range had been seeded to  
in tro d u c e d  g ra s se s  f iv e  y e a rs  p r io r  to  b u rn in g . They s ta t e d  a re d u c tio n  
in  th e  v e g e ta t iv e  cover o ccu rred  fo llo w in g  b u rn in g . However, when con­
s id e r in g  th e  e a se  a t  which th e  in tro d u ce d  g r a s s e s ,  p r im a r i ly  E r a g r o s t is
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s p . , became e s ta b l i s h e d ,  th e y  concluded th e  re d u c tio n  o f th e  g ra s se s  by 
b u rn in g  was on ly  tem porary  and no t o f  any r e a l  consequence ” ~  when 
compared w ith  th e  b e n e f i t s  d e riv ed  from  th e  c o n tro l  o f noxious p la n ts /*
Very few re s e a rc h e r s  have in v e s t ig a te d  th e  e f f e c t  bu rn ing  has on 
s e e d s ta lk  p ro d u c tio n  and l e a f  h e ig h t growth o f in d iv id u a l  p la n t s .  In  
W isconsin , C u r t is  and P a r tc h  (1 9 5 0 ), n o tin g  th a t  Andropogon g e ra rd i  
bloomed p ro fu se ly  a f t e r  b u rn in g , conducted a d e ta i l e d  c o n tro l le d  s tu d y  
to  determ ine  what a c t io n  f i r e  had in  s t im u la t in g  flo w er p ro d u c tio n .
They found when th e  o ld  l i t t e r  on th e  p la n t  crown was removed, e i t h e r  by 
f i r e  o r by some o th e r  means, th e  p la n ts  in c re a s e d  s ix ty  p e r c en t in  
h e ig h t growth and produced s ix  tim es th e  f lo w er p ro d u c tio n  as  d id  th e  
c o n tro l  p la n t s .  The f e r t i l i z i n g  a c t io n  o f th e  ashes rem ain ing  from 
th e  burned l i t t e r  was found to  s l i g h t l y  s t im u la te  f u r th e r  flo w er p ro ­
d u c tio n , b u t i t  had no e f f e c t  on p la n t h e ig h t .  They concluded t h a t  o ld  
stem s and l i t t e r  have a shad ing  e f f e c t  which d e lay s  s p r in g  grow th; b u t 
i f  rem oved, th e  p la n ts  would b eg in  growth e a r l i e r  and have more tim e  to  
b u i ld  up a re s e rv e  o f c a rb o h y d ra te s  b e fo re  th e  i n i t i a l  f lo w e rin g  s ta g e  
b e g in s ,
D ix and B u t le r  (1954) and. E h ren re ic h  (1959) found d u rin g  t h e i r  
in v e s t ig a t io n s  in  W isconsin  and Iow a, r e s p e c t iv e ly ,  t h a t  c e r t a in  sp e c ie s  
o f  burned b lu e s tem  p a s tu re s  in c re a s e d  in  f lo w e r p ro d u c tio n  th e  f i r s t  y e a r  
a f t e r  b u rn in g . E h re n re ic h 's  in v e s t ig a t io n s  a ls o  showed t h a t  s e e d s ta lk s  
were t a l l e r  d u rin g  t h a t  f i r s t  y e a r  on burned p a s tu re s  th a n  th o se  on p a s­
tu r e s  n o t b u rned . He s t a t e d  t h a t  s o i l  te m p e ra tu re s  which were h ig h e r on 
th e  burned a re a s  were p robab ly  re s p o n s ib le  f o r  t h i s  in c re a s e .
I n v e s t ig a t io n s  d e sc r ib e d  by Evanko (1949) and B la i s d e l l  (1953) 
showed t h a t  alm ost a l l  th e  g ra s se s  and fo rb s  o f th e  burned sagebrush*
g ra s s  com m unities, which th e y  s tu d ie d  in  Montana and Id ah o , in c re a s e d  in  
f lo w er p ro d u c tio n  d u rin g  th e  second y e a r  a f t e r  b u rn in g . They ex p la in ed  
t h a t  t h i s  phenomenon i s  n o t u n d e rs to o d  c l e a r ly ,  b u t i t  may be r e l a t e d  to  
m in e ra l n u t r i e n t s  and s o i l  m o is tu re  which te m p o ra r ily  may become more 
a v a i la b le  a f t e r  b u rn in g .
Dix and B u tle r  (1954) found most g ra s se s  in  W isconsin in c re a se d  
sh a rp ly  in  h e ig h t growth d u rin g  th e  f i r s t  growing season a f t e r  b u rn in g .
In  c o n t r a s t ,  H ervey1s (194-9) in v e s t ig a t io n s  in  C a l i fo rn ia  showed t h a t  a 
d ecrease  in  p la n t  h e ig h t grow th o ccu rred  a f t e r  b u rn in g .
Most s o i l s  a n a ly se s  done in  c o n ju n c tio n  w ith  b u rn in g  s tu d ie s  have 
been l im i te d  to  th e  e f f e c t  o f  b u rn in g  on s o i l  r e a c t io n ,  o rg an ic  m a t te r ,  
n i t r o g e n , and re p la c e a b le  ca lc iu m . Very few in v e s t ig a t io n s  have been 
made in to  th e  e f f e c t  b u rn in g  has on o th e r  e s s e n t i a l  e lem en ts o f th e  s o i l .
I n v e s t ig a t io n s  in  Id ah o , c i t e d  by B la i s d e l l  (1 9 5 3 ), showed t h a t  
th e  o rg an ic  m a tte r  and t o t a l  n i t r o g e n , m easured one y e a r a f t e r  b u rn in g , 
were reduced  s ig n i f i c a n t l y  in  th e  to p  o n e -h a lf  inch  o f s o i l  on h e a v ily  
burned  a r e a s .  These c o n s t i tu e n ts  were l e f t  u n a ffe c te d  on a re a s  r e c e iv ­
ing  l i g h t  and m oderate i n t e n s i t i e s  o f b u rn in g . In  c o n t r a s t ,  Sampson 
(1 9 4 4 ), found a marked in c re a s e  in  th e  n i t r a t e  c o n te n t in  th e  f i r s t  s i x  
in ch es  o f s o i l  on burned c h a p a r ra l  lan d s  in  C a l i f o r n ia .  N e ith e r  B la i s ­
d e l l  n o r Sampson found any d if f e r e n c e  in  th e  r e a c t io n  o f s o i l s  ta k e n  from 
burned and unburned a r e a s .
A ldous (1934) found no d if f e r e n c e  in  t o t a l  n i tro g e n  and o rg an ic  
carbon  co n ten t in  s o i l s  from burned  and unburned b lu estem  p a s tu re s  in  
K ansas. He s t a t e d  t h a t  th e  accum ulation  o f o rg an ic  m a tte r  and t o t a l  n i ­
tro g e n  in  p r a i r i e  s o i l s  i s  governed more by ro o t developm ent th a n  by th e  
accum ulation  o f su rfa c e  m a te r ia l .  In  a l l  o f  h is  ex p erim en ts , th e  b u rn in g
was alw ays done when th e  s o i l  was m o is t. He conclu d ed , !,I f  th e  b u rn in g  
had been done when th e  s o i l  was v e ry  d ry , th e  r e s u l t s  may have been d i f ­
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A s l i g h t  in c re a s e  in  t o t a l  n i t r o g e n , o rg an ic  m a tte r ,  and r e p la c e ­
a b le  calc ium  was found by W ahlenberg e t  a l  (1939 ) ,  in  s o i l s  o f bu rned - 
over lan d s  in  M is s is s ip p i .  E lw e ll e t  a l  (1941) in d ic a te d  th a t  a d ec rea se  
in  bo th  n itro g e n  and o rg a n ic  m a tte r  o f th e  s o i l s  tak en  from burned a re a s  
o ccu rred  in  Oklahoma.
D esp ite  th e  f a c t  t h a t  many in v e s t ig a to r s  may c o n s id e r  b u rn in g  as 
a harm ful p r a c t i c e ,  th e y  do a g re e  t h a t  p ro p e r management i s  e s s e n t i a l  on 
burned ran g e  and p a s tu r e  la n d s . A ccording to  E lw e ll e t  a l  (1941) and Pen- 
found and K e ltin g  (1957) in  Oklahoma, and H art e t  a l  (1932) in  C a l i f o r n ia ,  
l iv e s to c k  were found to  p r e f e r  g ra z in g  burned ranges r a th e r  th a n  unburned 
ra n g e s . They cou ld  no t e x p la in  t h i s  phenomenon, b u t H art e t  a l  though t 
a t  f i r s t  t h i s  p re fe re n c e  was due to  a p o s s ib le  in c re a s e  in  th e  phosphorus 
co n ten t o f th e  fo rag e  on burned  a r e a s .  T h e ir  a n a ly se s  were in c o n c lu s iv e  
to  v e r i f y  t h i s .  P echanec, S te w a r t , and B la i s d e l l  (1944) s ta te d  t h a t  im­
p ro p er g ra z in g  a f t e r  b u rn in g  i s  more f r e q u e n t ly  r e s p o n s ib le  f o r  s o i l  lo s s  
and damage to  p la n t  cover th a n  i s  haphazard  b u rn in g .
DESCRIPTION OF STUDY ARMS
The s tu d y , i n i t i a t e d  in  March, 1958, in c lu d ed  seven s e p a ra te  
n a t iv e  ra n g e s  which had been a c c id e n ta l ly  burned betw een 1957 and 19 59.
These a re a s  were a l l  lo c a te d  w ith in  a f iv e -m ile  v i c i n i t y  o f  M isso u la , 
Montana, The f i r e s  t h a t  burned  over s ix  o f  th e  a r e a s ,  one in  1957 and 
f iv e  in  1958, were m an-caused. The 1959 bu rn  was caused by l ig h tn in g .
The a re a s  which had burned in  1958 were s tu d ie d  th e  fo llo w in g  
y e a r .  The S e n t in e l  a r e a ,  hav ing  burned  in  1957, was s u b je c te d  to  in v e s t ig a ­
t io n  in  1958 and 1959* S tu d ie s  conducted  a t  th e  P a t te e  P o in t a re a  were lim ­
i t e d  because  t h i s  a re a  on ly  r e c e n t ly  had been bu rned .
The v e g e ta t io n  found on th e  s tu d y  a re a s  may be c l a s s i f i e d  as P a lo u se  
P r a i r i e  (Weaver and C lem ents, 193 8 ) .  M orris (1945) has c l a s s i f i e d  th e  
Palouse P r a i r i e  in  W estern Montana as a complex p la n t community and has sub ­
d iv id e d  i t  in to  two d i s t i n c t  a s s o c ia t io n s  based  p r im a r i ly  on s p e c ie s  domi­
nance . He has d e s ig n a te d  th e  s u b d iv is io n s  as  b e in g : (1) "subhum id1’ a s s o ­
c ia t io n  (F estuca-A gropyron ) and (2) s e m i-a r id  a s s o c ia t io n  (Agropyron-P o a) . 
F iv e  o f th e  ran g es  s tu d ie d  ap p ea r to  be r e l a t e d  to  th e  Msubhumidn a s s o c ia ­
t io n  ( F estuca-A gropyron ) and two to  th e  se m i-a r id  a s s o c ia t io n  (A gropyron- 
Poa) .
The s o i l s  of th e s e  ran g es  a re  c l a s s i f i e d  a s  C hestnu t o r Chernozem 
dev elop ing  from a r g e l l i t e  p a re n t m a te r ia l .  They a re  m ain ly  g r a v e l ly  loam 
and sto n y  loam s o i l s .
Most o f th e  p r e c ip i t a t io n  o ccu rs  d u rin g  th e  s p r in g  and f a l l .  The 
months o f J u ly  and August a re  q u ite  d ry . The y e a r ly  averag e  reco rded  a t  
th e  M issoula w ea th e r s t a t i o n  i s  12.76 in c h e s . T h is  s t a t io n  i s  a p p ro x i­
m ate ly  s i x  m ile s  from  any o f th e  s tudy  a r e a s .
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P r e c ip i t a t io n  reco rd ed  a t  th e  M issoula w eath e r s t a t i o n  d u rin g  th e  
p e rio d  from Septem ber to  June o f  1957-58 and 1958-59 i s  shown in  T able 1.
T ab le  1 . P r e c ip i t a t io n  recorded, du ring  th e  p e rio d  from Septem ber to  June 
o f 19 57-58 and 1958-59 a t  M isso u la , M ontana.
P e rio d P r e c ip i t a t io n + o f Normal
in . in .
1957-58
Septem ber to  March 5.49 -1 .21
A p r i l  to  June 6 .8 8 + 2 .47
T o ta l 12.37 +1 .26
125££2
Septem ber t o  March 9.53 + 2 .79
A p r il  to  June 5.00 + 0 .59
T o ta l 14.53 + 3 .38
The da ta  may n o t be t r u l y  c h a r a c t e r i s t i c  o f th e  s tu d y  a re a s  b e ­
cause o f  th e  o ro g rap h ic  e f f e c t ;  how ever, th e  d if f e r e n c e  betw een th e  two 
y e a rs  i s  s i g n i f i c a n t  to  in d ic a te  t h a t  p robab ly  th e  s tu d y  a re a s  re c e iv e d  
a h ig h e r  amount o f  p r e c ip i t a t i o n  d u rin g  th e  f a l l  and w in te r  months o f  
1958-59 and a l e s s e r  amount d u rin g  th e  sp rin g  o f  1959 th an  d u rin g  th e  
same p e rio d s  of th e  p reced in g  y e a r . S in ce  p la n t  growth i s  l a r g e ly  depen­
d en t upon sp rin g  m o is tu re , i t  i s  p o s s ib le  t h a t  any d i f f e r e n c e  found in  
p la n t  growth betw een th e  1958 and 1959 grow ing seasons may be c o n tr ib u te d  
to  th e  d if f e r e n c e  in  th e  amount o f  sp rin g  p r e c ip i t a t io n  receiv ed ..
The a c tu a l  w eather and b u rn in g  da ta  were no t known f o r  each a re a  
a t  th e  tim e of b u rn in g ; th e r e f o r e ,  w eather d a ta  from  th e  f i r e  w eather 
s t a t io n  a t  M issoula and f u e l  r a te  o f spread, f ig u r e s  (Barrow s 1951) were 
a p p lie d  to  th e  f i r e  i n t e n s i t y  fo m u la  (D avis 1959) to  determ ine a r e l a ­
t i v e  f i r e  i n t e n s i t y  v a lu e  f o r  each o f th e  s tu d y  a re a s .  On th e  b a s is  o f
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d a ta  shown in  Appendix I ,  the  computed r e l a t i v e  f i r e  i n t e n s i t y  ranged  from 
6 (Lower W aterworks H i l l )  to  157 B tu ( S e n t in e l)  p e r second p e r fo o t of 
sp re ad .
G enera l in fo rm a tio n  on th e  p h y s ic a l  d e s c r ip t io n  o f  each s tu d y  a re a  
i s  shown in  T ab le  2 . The lo c a t io n  o f  each a r e a  i s  g iven  in  Appendix II*
A com plete l i s t  o f p la n t  sp ec ie s  found a t  each s tu d y  a r e a ,  excep t 
P a t te e  P o in t ,  is  g iv en  in  Appendix V I.
Table  2 .  Ge n er a l  in f o r m a tio n  on the  p h y s ic a l  d e s c r ip t io n  o f  each burn in c l u d in g  d a t e , a r e a , r e l a t iv e  f ir e  in t e n s it y , general
ECOLOGY, GRAZING HISTORY, AND RANGE CONDITION.
Date Acres Re l a t iv e  F ir e Ph y s ic a l Fea tu r es Gr e a t  So il Do m ina n t Gr a z in g Range
Burned Burned I n t e n s it y El e v . Slope Ex p . Group Species 1J H is t o r y Co n d it io n
Bt u / s e c / ft Feet t
Se n t in e l 7 /1 7 /5 7 5 *6 157 3500 3 / 50 West Ch e s t n u t
Lit h o s a l
Ag sp ,F e id
Fesc
Pro tec ted  
15 years
Ex c e l l e n t
Waterw orks H il l  
( Lower
7 /1 0 /5 8 1 .4 6 3400 25 South Chernozem
Regasol
Agsp ,P ose 
Br t e ,Basa
Horses and  
Ca t t l e  
Sp r . - F a l l
Fa ir
Waterworks H i l l  
(Up p e r )
7 /2 2 /5 8 2 0 .0 22 3450 35 South Chernozem
Regasol
Agsp,P ose
Basa
Horses
Sp r . - F a l l
Good
J umbo 8 /1  /5 8 3 5 .0 74 3500 55 Ea st Ch e stn u t
LITHOSOL
Agsp ,P ose Pro tec ted Good
Go l f  Course 8 /4 /5 8 2 .2 123 3350 3 / 25 West Ch estn u t
Lit h o s o l
Ag sp ,F esc Pr o tec ted  
15 years
Ex c e l l e n t
Pa t t e e  Canyon  2 /  
North  Area
9 /1 /5 8 3 7 .0
63 4000 3 / 20 North Chernozem Fe i d ,F esc Pro tected  
5 years
Good
Ea s t  Area 122 4500 3 / 40 Ea st Ch estn u t
L it h o s o l
Ag s p ,F e id
Fesc
Horses
Spr . - F a l l
Good
Pa t t e e  Po in t 8 / 1 /5 9 4 .2 36 7000 55 South - Agsp ,F e id
Fesc
Ho rses
Summer
Ex c e l le n t
1/ AGSP “ AGROPYRON SPICATUM, FEID -  FESTUCA IDAHOENSIS, FESC -  F . SCABRELLA. POSE -  POA SECUNDA,
Br te  -  Bromus tec to ru m , Basa  -  Ba ls a m o r r h iza  SAGITTATA.
2 /  DUE TO DIFFERENCE IN EXPOSURE, SLOPE, SOIL, PLANT COMPOSITION, AND GRAZING USE, THIS AREA WAS DIVIDED INTO TWO LOCATIONS
FOR STUDY.
3 /  Es t im a t e d .
METHODS AND PROCEDURES
A s e r i e s  o f  m easurem ents were ta k e n  on seven burned  a re a s  which 
p re se n te d  a v a r ie ty  o f v e g e ta t iv e  and s o i l  c o n d it io n s . In  s tu d y in g  each 
o f th e se  a r e a s ,  an a ttem p t was made to  compare th e  d a ta  secu red  from th e  
burned  p o r tio n  w ith  t h a t  from  th e  a d ja c e n t unburned p o r t io n .  T h is  n e c e s ­
s i t a t e d  ta k in g  s e t s  o f p la n t  m easurem ents and c o l le c t in g  s o i l  sam ples on 
bo th  s id e s  o f th e  f i r e  l i n e .  In  most c a se s , random sam pling was done 
a long  th a t  s e c t io n  o f f i r e  l i n e  where th e  g e n e ra l  p la n t co m p o sitio n , 
s lo p e , and exposure  w ere th e  same f o r  b o th  th e  burned and unburned p o r­
t io n s  of th e  a r e a .  Care was ta k en  to  avo id  making any m easurem ents to o  
c lo se  o r  to o  f a r  away from  th e  f i r e  l i n e .
I t  was im p o ssib le  to  m easure th e  same c h a r a c t e r i s t i c s  on ev ery  
lo c a t io n  because:
(1) C e r ta in  sp e c ie s  were not p re s e n t on a l l  a re a s  due to  in h e r ­
e n t v a r ia t io n s  betw een a r e a s ,  and
(2) C u rren t g ra z in g  on s e v e ra l  a re a s  cou ld  n o t be c o n tro l le d .
At th e  P a t te e  E ast lo c a t io n ,  perm anent p lo ts  were e s ta b l is h e d  and 
p ro te c te d  from  g ra z in g  by u s in g  w ire  cages (F ig u re  1 ) . T h is  was n o t done 
a t  any o th e r  lo c a t io n  b ecau se  o f th e  p o s s i b i l i t y  o f m o le s ta t io n .
The c h a r a c t e r i s t i c s  o f v e g e ta tio n  and s o i l s  o f burned  and unburned 
s ta n d s  sampled a t  each s tu d y  a re a  a re  shown in  T ab le  3 .
V eg e ta tio n  
Seed S ta lk  and L eaf H eigh t Growth
Leaf h e ig h t m easurem ents were ta k en  ev ery  fo u r  weeks d u rin g  th e  
growing seaso n . E ig h t sam pling p o in ts  were lo c a te d  random ly on each s id e  
o f th e  f i r e  l i n e  each tim e m easurem ents were ta k e n . The c lo s e s t  te n
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F ig u re  1. Wire cages used to  p ro te c t  sam pling p lo ts  a t  th e
P a t te e  E a s t lo c a t io n .
Ta b le  3 * Ch a r a c t e r is t ic s  of v e g e t a t io n  and s o il s  of burned  and unburned  stands  sam pled  at each stu d y  area  near Mis s o u l a , Mo n ta n a , 1958
and 1959
St u d y  Ar e a
Ch a r a c t e r is t ic
Un i t  o f  
m e a s u r e
Se n t in e l Go l f  Co u r s e
Pa t t e e  Ca n y o n  
No r th  Ea s t
Wa te r w o r k s  H i l l  
Lower Upper Jumbo
Pa t t e e
Po i n t
n o . n o . n o . n o . n o . NO. n o . n o .
Ve g e t a t io n
Fa l l  regrow th — 100 100 — 100 100 —
Le a f  h e ig h t  growth Pu n t 80 80 80 80 80 80 80 —
Se e d  s t a l k  growth 
a n d  d e v e l o p m e n t Pu n t (V)  1 / (V) (V) (V) — — — —
Ro o t  crown  dam ag e  
l in e  in t e r c e p t
BASAL AREA
50 '
Pu n t (vi*
2
(V)
6
(V)
3
(V)
6
(V) — m (V)
Pu n t  c o m p o s it io n
LINE INTERCEPT 50 ' — 2 6 3 6 — — _»
Fo r a g e  p r o d u c t io n Plot 9 15 — 2 — — — —
Mu l c h p lo t 9 15 — — — — —
Mo is t u r e  c o n t e n t Sa m p l e 15 15 15 — — — 15 —
De v e l o p m e n t  a n d
DENSITY OF FORBS Plo t 100 60 60 60 60 —
Sot LS
T e m p e r a t u r e s
Fa l l
Sp r in g
Re a d in g
Re a d in g 20
10
20
10
20 20
10
20 20
10
20
—
An a l y s e s PLOT 2 10 10 10 10 10 10 —
1 /  Va r ia b l e  nu m b er .
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te n  p la n ts  o f each g ra s s  sp e c ie s  to  th e  sam pling p o in t were chosen. The 
t a l l e s t  l e a f  and th e  t a l l e s t  seed  s t a l k  o f each p la n t were m easured and 
th e  h e ig h t reco rd ed  in  c e n tim e te rs . Seed s t a l k  h e ig h t measurements were 
ta k en  in  co n ju n c tio n  w ith  th e  f i n a l  s e t  o f  m easurements made f o r  l e a f  
h e ig h t grow th. The number o f seed s t a l k s  on each p la n t  was a ls o  re c o rd ­
ed. In  O ctober 1958 f a l l  reg row th  was m easured in  th e  same manner ex­
cep t t h a t  te n  p la n ts  a t  te n  sam pling p o in ts  were m easured.
The e f f e c t s  o f  g ra z in g  on l e a f  h e ig h t grow th were m easured on 
S e n t in e l  in  1958 in  o rd e r  t o  compare i t  w ith  th e  e f f e c t s  o f b u rn in g . 
M easurements were tak en  a lo n g  bo th  s id e s  o f a fen ce  l i n e  lo c a te d  ju s t  
so u th  o f th e  burned  s ta n d s . A lthough th e  v e g e ta t io n  between th e  f i r e  
l i n e  and th e  fen ce  was th e  same, th e  d is ta n c e  betw een them was to o  g re a t  
to  sam ple a p o r tio n  o f th e  unburned ungrazed  a re a  which would be r e p r e ­
s e n ta t iv e  to  b o th  burned and g razed  s ta n d s . T h e re fo re  th e  p ro te c te d  
s tan d s  a d ja c e n t to  th e  burned  and to  th e  g razed  s tan d s  were sam pled.
The d a ta  c o l le c te d  from  th e  g razed  and p ro te c te d  a re a  was reduced to  
co rresp o n d  w ith  th e  d a ta  of th e  burned  and unburned a re a  so t h a t  a com­
p a riso n  cou ld  be made.
P la n t  Com position
P la n t  com position  was determ ined  by th e  l i n e  in te r c e p t  method 
(C a n fie ld  1950). Two to  s i x  f i f t y - f o o t  l i n e s  were ta k en  on fo u r  o f th e  
lo c a t io n s  in  Ju n e , 1959. The l i n e s  were p la ce d  th re e  paces away from 
and p a r a l l e l  t o  th e  f i r e  l i n e .  The in te r c e p t  o f l i v e  and dead crown o f 
each p la n t was re c o rd e d . A ll  o f th e  m ajor g ra s s e s  were reco rd ed  a long  
th e  t o t a l  le n g th  o f th e  l i n e  and Sandberg b lu e g ra s s  and a l l  fo rb s  were 
reco rd ed  on ly  on th e  f i r s t  and l a s t  te n - f o o t  s e c t io n  o f th e  t r a n s e c t s .
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Root Crown Damage
Two methods were used to  d e term ine  ro o t crown damage:
F i r s t  m ethod: When th e  l i n e  in te r c e p t s  were ta k en  f o r  p la n t  com-
p o s itio n *  th e  l i v e  and dead in te r c e p t s  o f  each g ra s s  sp e c ie s  were r e c o r d ­
ed f o r  b o th  th e  burned and a d ja c e n t  unburned s ta n d s . T h is d a ta  was used 
to  determ ine  th e  p e rcen tag e  o f t o t a l  ro o t crown o f each sp ec ie s  k i l l e d  
by b u rn ing  and by p a s t g ra z in g .
Second m ethod: The t o t a l  ro o t crown a re a  o f each p la n t  sp e c ie s
encoun tered  a lo n g  th e  l in e  in t e r c e p t  was observed . The p e rcen tag e  o f 
th e  e n t i r e  ro o t crown damaged was e s tim a te d  and reco rd ed . When th e re  
were n o t enough p la n ts  found a long  th e  l i n e  in te r c e p t  to  e v a lu a te  f u l l y  
th e  e x te n t o f ro o t crown damage* a d d i t io n a l  sam pling was done by random­
ly  p acin g  a c ro ss  th e  burned  and unburned s ta n d s  and exam ining th e  p la n ts  
o f each sp e c ie s  c lo s e s t  to  th e  to e  o f th e  l e f t  f o o t .  Foot pac in g  was 
used  on a re a s  where th e  l i n e  in te r c e p t  method was n o t employed fo r  d e te r ­
m ining ro o t crown damage. T his in fo rm a tio n  was used, as a b a s is  f o r  e s ­
tim a tin g  th e  amount o f crown k i l l e d  by b u rn in g  and by g ra z in g . The in ­
c re a sed  p e rcen tag e  o f crown damage in  th e  burned p o r tio n s  was assumed to  
be due to  b u rn in g .
The e s s e n t i a l  d if f e r e n c e  betw een th e  two methods was t h a t  th e  
f i r s t  method was based  on t o t a l  in te rc e p t*  and. th e  second method was 
perform ed by th e  e v a lu a tio n  o f in d iv id u a l  p la n ts .  I t  was p o s s ib le  to  
de term ine  from th e  l a t t e r  method, th e  p e rcen tag e  o f p la n ts  co m p le te ly  
dead.
Forage and N a tu ra l Mulch P ro d u c tio n
N ear th e  end o f th e  1959 growing seaso n  2 to  15 o n e -fo o t by f i v e -  
fo o t p lo ts  a t  th r e e  lo c a t io n s  were c lip p e d  and th e  n a tu r a l  mulch was
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removed c a r e f u l ly .  U su a lly  th r e e  p lo ts  were c lip p e d  a lo n g  3 to  5 l in e s  
runn ing  p e rp e n d ic u la r  to  th e  f i r e  l i n e .  The v e g e ta t io n  was c lip p e d  to  
a h e ig h t o f one in c h . The c l ip p in g s  and. mulch were th e n  a i r  d r ie d  f o r  
two months and. w eighed.
S e e d s ta lk  Development
The average d a te  a s  to  when th e  b u lk  o f th e  in f lo re s c e n c e s  com- 
p l e t e ly  emerged from  th e  sh ea th  o f  th e  upperm ost l e a f  was determ ined  by 
ta g g in g  and m easuring a t  l e a s t  te n  s e e d s ta lk s  on f iv e  p la n ts  on each o f 
s e v e ra l  s p e c ie s .  The le n g th  o f s e e d s ta lk  from th e  b ase  o f th e  u p p e r­
most l e a f  b la d e  to  th e  low er node, o r to p  o f th e  in f lo r e s c e n c e s ,  depend­
in g  upon th e  s ta g e  o f developm ent, was m easured. The d a te  and tim e o f 
measurement was a l s o  re c o rd ed . These same s e e d s ta lk s  were rem easured  
f iv e  to  seven days l a t e r .  By c a lc u la t in g  th e  average  r a t e  o f  growth o f 
s e e d s ta lk ,  th e  average  em ergent d a te  was determ ined .
V e g e ta tiv e  M oisture  Content
On f i f t e e n  random ly lo c a te d  p lo t s ,  s e v e ra l  p la n ts  o f  th e  same 
s p e c ie s  were c lip p e d  to  o b ta in  an ad eq u a te  sam ple. The c lip p in g s  from 
each p lo t  were pu t in to  m e ta l sam pling cans and th e n  s e a le d . The sam­
p le s  were taken  to  th e  la b o ra to ry  and w eighed. They w ere l e f t  to  a i r  
d ry  f o r  th re e  hours and th en  p la ce d  in  an oven to  d ry  a t  a te m p e ra tu re  
o f 105° c e n tig ra d e . A f te r  s ix te e n  hours in  th e  oven, th e y  were r e ­
weighed. and th e  m o is tu re  c o n ten t d e te rm in ed .
D en sity  and Development o f Forb S pec ies
D uring th e  cou rse  o f  th e  f i e l d  work i t  became a p p a ren t t h a t  c e r ­
t a i n  fo rb s  had in c re a s e d  o r d ecrea sed  in  d e n s i ty  on th e  burned p o r t io n
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a t  s e v e ra l  lo c a t io n s .  The s p e c ie s  noted, were A c h il le a  la n u lo s a , Balsam-  
o r rh iz a  s p . , Lupinus s p . , Tragopogon s p . and Z igadenus s p ,
A s e t  o f q u a d ra ts  were ta k en  on th e  burned and unburned p o r tio n s  
o f th o se  a re a s  where any change in  th e  d e n s i ty  o f fo rb  sp e c ie s  was n o te d . 
L ate  in  th e  sp rin g  o f 1958, th e  d e n s i ty  o f  A c h ille a  la n u lo s a  a t  th e  Sen­
t i n e l  a re a  was determ ined  by ta k in g  one hundred o n e -sq u are  fo o t q u a d ra ts . 
The sam pling te c h n iq u e  was changed in  1959 and 60 q u a d ra ts  were tak en  
w ith  a o n e -b y -f iv e  fo o t fram e. A lso  determ ined  w ere: th e  number o f
young and m ature p la n ts  o f  B alsam orrh iza  s p . , th e  number o f flo w ers  p e r 
p la n t  o f B alsam orrh iza  s p . , and th e  number o f bloom ing p la n ts  o f A c h il le a  
la n u lo s a .
S o ils
S o i l  T em peratures
In  th e  f a l l  o f 1958 te n  s o i l  te m p e ra tu re  re a d in g s  were made on 
th o se  a re a s  where f a l l  regrow th  was m easured. These re a d in g s  were ta k e n  
a t  one in ch  below s o i l  s u r f a c e .  The fo llo w in g  sp rin g  th e  number of re a d ­
in g s  was in c re a se d  to  tw en ty . They were made a t  one inch  and two and one- 
h a l f  in ch es  below s o i l  s u r f a c e .  S tandard  la b o ra to ry  g la s s  therm om eters 
in  F a h re n h e it s c a le  were u sed . The therm om eters were p laced  w ith in  f iv e  
f e e t  o f and p a r a l l e l  to  th e  f i r e  l i n e .  S o i l  te m p e ra tu re s  were tak en  a t  
th e  same tim e , a s  was l e a f  h e ig h t grow th.
C o lle c t in g  S o i l  Samples
On f iv e  a re a s  a com posite sam ple o f th e  to p  one in ch  o f s o i l  was 
made up o f te n  in d iv id u a l  sam ples from th e  burned p o r t io n s ;  t h i s  was r e ­
p ea ted  on th e  a d ja c e n t unburned p o r t io n s .  In d iv id u a l  sam ples making up 
th e  com posite were tak en  about f iv e  f e e t  from  and p a r a l l e l  t o  th e  f i r e
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l i n e .  Gare was ta k en  to  remove th e  s u r fa c e  mulch b e fo re  ta k in g  a sam ple. 
When c o l le c t in g  sam ples, a re a s  were avoided  where ex trem ely  heavy bu rn ­
ing  had o ccu rred  o r where e ro s io n  d e p o s its  were p r e s e n t .  Sampling was 
done two to  fo u r  months a f t e r  th e  tim e o f b u rn in g .
Two s o i l  sam ples were tak en  from  th e  burned and unburned p o r t io n s  
o f th e  S e n t in e l  a re a  in  th e  f a l l  o f 1957 by D r. G. S . Cox and P ro fe s s o r  
M. S . M o rris . Com posites were n o t made o f  th e s e  sam ples: th e y  were
s to re d  and te s t e d  s e p a r a te ly .
L a b o ra to ry  A n a ly sis
A number o f  la b o r a to r y  an a ly se s  were perform ed on th e  s o i l  sam­
p le s  c o l le c te d ;  th e  d e t a i l s  o f th e  a n a ly t i c a l  p rocedu res fo llow ed  a re  
found in  Appendix I I I .  These in c lu d e :
1. T e x tu ra l  p ro p e r t ie s
2. O rganic carbon
3 . T o ta l  n itro g e n
4 . S o i l  r e a c t io n
5. P a r ts  p e r m il l io n  o f exchangeable c a t io n s  -  ca lc iu m , 
p o tass iu m , phosphorus, magnesium, and m anganese.
FIELD AND LABORATORY RESULTS 
The e f f e c t s  o f b u rn in g  were e v a lu a te d  m ain ly  in  term s o f: (1) l e a f
h e ig h t g row th , (2 ) seed s t a l k  developm ent, (3 ) ro o t crown damage, (4) den­
s i t y  o f c e r ta in  fo rb  s p e c ie s ,  (5) s o i l  te m p e ra tu re , and (6) s o i l  n u t r i e n t s 0 
F ig u re s  2 and 3 show burned and unburned s tan d s  a t  th e  G olf Gourse 
a re a  in  th e  f a l l  and in  th e  s p r in g ,  r e s p e c t iv e ly ,  fo llo w in g  b u rn in g .
Burned and unburned p o r tio n s  o f th e  Upper W aterworks H i l l  and P a t te e  E as t 
a re a s  a r e  shown in  F ig u re s  4 and 5 , r e s p e c t iv e ly .
E f fe c ts  o f  B urning and G razing on V eg e ta tio n  
F a l l  Regrowth
In  th e  f a l l  o f 1958 regrow th  o f  s e v e ra l  g ra s s e s  was m easured on 
burned and unburned p o r t io n s  o f th e  Jumbo, Lower W aterworks H i l l ,  P a tte e  
N o rth , and G olf Course a r e a s .  These a re a s  had burned  d u ring  th e  p rev io u s  
summer m onths.
B urning was found to  r e ta r d  s e r io u s ly  th e  f a l l  regrow th o f  F e s-  
tu c a  s c a b r e l l a , K o e le r ia  c r i s t a t a , and A gropyron sp ica tum  a t  th e  G olf 
Course a re a ;  F e s tu ca  s c a b r e l la  a t  P a tte e  N o rth ; and Agropyron sp ica tum  
a t  Jumbo. L eas t a f f e c te d  were Agropyron sp ica tu m  and Poa secunda a t  
Lower W aterworks H i l l ,  Poa secunda a t  Jumbo, and F e s tu ca  Id ah o en sis  a t  
th e  P a t te e  N orth  a r e a s .
F ig u re  6 shows th e  r e l a t io n s h ip  betw een f a l l  regrow th  on fo u r 
burned and a d ja c e n t unburned a re a s .
L eaf H eigh t Growth 
The 1958 and 1959 l e a f  h e ig h t grow th o f  a l l  th e  m ajor g ra s s  sp e ­
c ie s  on unburned p o r t io n s  exceeded th e  l e a f  h e ig h t growth on a d ja c e n t
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F ig u re  2. Burned (above) and unburned (below) s ta n d s  a t  th e  
G olf Course a re a  in  th e  f a l l  fo llo w in g  b u rn in g . Note th e  
f a l l  regrow th  o f p la n ts  and absence o f n a tu r a l  mulch on th e  
burned p o r t io n .
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F ig u re  3 . Burned (above) and unburned (below ) s ta n d s  
a t  th e  G o lf C ourse a re a  one y e a r  a f t e r  b u rn in g , showing 
sp r in g  grow th and ground cov er.
25
K it
zimttKb
l$SbLr
F ig u re  4* Appearance o f  burned (above) and unburned (below ) 
s tan d s  a t  th e  Upper W aterworks H i l l  a re a  one y e a r  a f t e r  
b u rn in g .
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F ig u re  5. E a r ly  sp r in g  grow th and ground cover on burned 
(above) and unbum ed (below ) p o r t io n s  o f th e  P a t te e  E a s t 
a re a  th e  f i r s t  y e a r  a f t e r  b u rn in g .
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I 1|___  Unburned
9 .6  9 .4
6.0  5.8
Jumbo W aterworks H i l l  
(Lower)
P a tte e  N orth G olf Course
F ig u re  6 . Comparison o f f a l l  reg row th  o f  s e v e ra l  g ra s s e s  in  burned  and unbum ed s ta n d s  o f
fo u r  s tu d y  a re a s  n ea r M isso u la , M ontana, 1958.
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burned p o r tio n s  th ro u g h o u t th e  growing seaso n ; t h i s  r e la t io n s h ip  was 
ty p ic a l  o f a l l  s tu d y  areas,., arid, i s  d e p ic te d  g r a p h ic a l ly  in  F ig u re  7 .
The s ig n if ic a n c e  o f th e  e f f e c t s  o f b u rn ing  in  th e  re d u c tio n  o f 
l e a f  h e ig h t growth was determ ined  by an a n a ly s is  o f  v a r ia n c e .
The fo llo w in g  r e s u l t s  show th e  p e rc en ta g e  d if f e r e n c e  betw een 
t o t a l  l e a f  h e ig h t o f v a r io u s  g ra s se s  on burned o r g razed  and p ro te c te d  
a r e a s ,  a s  based upon th e  t o t a l  l e a f  h e ig h t o f th e  p ro te c te d  p la n t s .
F i r s t  Year R e s u lts
S e n t in e l  A rea . The l e a f  h e ig h t growth o f in d iv id u a l  sp e c ie s  on burned , 
p ro te c te d ,  and g razed  p o r t io n s  o f  th e  S e n t in e l  a re a  i s  summarized in  
T ab le  4* The summary o f th e  a n a ly s is  of v a r ia n c e  f o r  t h i s  d a ta  i s  
shown in  T ab les  5 and 6.
The e f f e c t  o f b u rn ing  and g ra z in g  was s ig n i f i c a n t  a t  th e  one p er 
c en t l e v e l .
The t o t a l  l e a f  h e ig h t of F e s tu c a  scabre11a was reduced 44 p e r 
c en t by g ra z in g  and 3$ p e r c e n t by b u rn in g . The re d u c tio n  o f  F es tu ca  
id a h o en s is  was 32 and 37 p e r c en t by g ra z in g  and b u rn in g , r e s p e c t iv e ly .  
Agropyron sp ica tum  was reduced  10 p e r  c en t by g ra z in g  and. 17 p e r  cen t 
by b u rn in g . Poa secunda and K o e le r ia  c r i s t a t a  were reduced  s l i g h t l y  
more by b u rn ing  th a n  by g ra z in g .
G o lf Course A rea . The on ly  s p e c ie s  found to  be a f f e c te d  s i g n i f i c a n t l y  
by b u rn in g  on t h i s  lo c a t io n  was F e s tu ca  s c a b r e l l a , which showed a t o t a l  
h e ig h t growth re d u c tio n  o f 30 p e r  c e n t .  Agropyron sp ica tu m  and K oel­
e r ia  c r i s t a t a  were reduced  6 and 25 p e r c e n t ,  r e s p e c t iv e ly .  Poa 
secunda was a f f e c te d  o n ly  s l i g h t l y .
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Unburned30 -
A p ril JuneMay
Unburned
Burned
o
A p ril May June
A. Agropyron sp ica tum B. F es tu ca  s c a b r e l la
Unburned
Burned
5 -
A p ril May June
C. F e s tu c a  id a h o e n s is
Unburned
Burnedo
A p ril May June
D. K o e le r ia  c r i s t a t a
F ig u re  7 . The 1958 l e a f  h e ig h t growth o f  th e  f o u r  m ajor g ra s s  sp e c ie s  on burned  and unburned
p o r t io n s  o f  th e  S e n tin e l  s tu d y  a re a ,  burned  1957*
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Table 4 . E f f e c t  of b u rn in g  and g ra z in g  on l e a f  h e ig h t 
growth o f th e  f iv e  m ajor g ra s s  sp e c ie s  on th e  S e n t in e l
s tu d y  a r e a ,  1958
S pecies Date Burnedungrazed
Unburned
ungrazed
Unburned
g razed
cm. cm. cm.
4 /1 9 10.5 14.6 10.1
A gropyron 5/17 26.0 3 2 .0 28*6
sp ica tu m 6/15 3 1 .8 38 .3 3 7 .4
Ave. 2 2 .8 28.3 25 .4
4 /1 9 15.0 23 .2 16.4
F e s tu ca 5/17 27 .2 4 1 .6 22 .8
s c a b r e l la 6/15 28 .0 4 5 .0 25 .4
Ave. 2 3 .4 3 6 ,6 21.5
4 /19 8 .9 14.3 11.6
F es tu ca 5/17 13.7 21 .4 15.6
id a h o e n s is 6/15 13.4 21.3 14.6
Ave. 12.0 19.0 13.9
4/19 6.3 8 .4 7 .8
K o e le r ia 5/17 10.8 14.0 10.6
c r i s t a t a 6/15 11.8 15.5 12.8
Ave. 9 .6 12.6 10.4
4/19 4 .9 6 .3 7.1
Poa 5/17 3 .7 7 .0 6 .5
secunda 6/15 5 .0 5 .7 5 .6
Ave. 5 .2 6.3 6 .4
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T ab le  5. A n a ly sis  o f v a r ia n c e  of th e  e f f e c t  o f bu rn in g  and 
g raz in g  on l e a f  h e ig h t growth o f  f iv e  m ajor g ra s s  sp e c ie s  on 
th e  S e n t in e l  s tu d y  a r e a ,  1958.
DF SSquares V arian ce Sample F
T reatm ent 2 310.02 155.01 43.66**
D ate 2 802.48 401•24 133.03**
S p ec ies 4 3 ,0 4 5 .0 0 761.25 214.44*#
T x S 8 236,41 29 .55 8.32**
D x  S 8 599.33 74 .92  ■ 21.10**
T x  D 4 22,70 5 .70  1 /
T x  D x  S 16 48 .28 3 -02  1 /
TOTAL 44 5 ,0 6 4 .2 2
_1_/ Combined to  form th e  e r r o r  v a r ia n c e , 3 *.55. 
** S ig n i f ic a n t  a t  1% l e v e l .
T able  6 . A n a ly s is  o f  v a r ia n c e  o f  th e  e f f e c t  o f b u rn in g  on 
l e a f  h e ig h t grow th o f  th e  f iv e  m ajor g ra s s  s p e c ie s  on th e  
S e n t in e l  study  a r e a ,  burned  1957, m easured 1958.
DF SSquares V arian ce Sample F
T reatm ent 1 267.61 267.61 107.91**
Date 2 617.66 308.83 124.53**
S p ec ies 4 2 ,4 1 7 .7 2 604.43 243.72**
T x  S 4 128.60 32 .15 12,96**
D x  S 8 376.74 47 .09 18,99**
T x  D 2 11.77 5 .88  1 /
T x  D x  S J * 13.02 1.63 1 /
TOTAL 29 3 ,8 3 3 . f2
JJ  Combined to  form th e  e rro if  v a r ia n c e , 2 .4 8 . 
** S ig n i f ic a n t  a t  \% l e v e l .
32
The f i e l d  r e s u l t s  o f  th e  l e a f  h e ig h t  grow th o f  th e se  sp e c ie s  i s  
shown in  T able 7 and th e  a n a ly s is  o f  th e  v a r ia n c e  o f  th e  d a ta  i s  summarized 
i n  T able 8* The e f f e c t  o f  b u rn in g  was s i g n i f i c a n t  a t  th e  one p e r  c e n t 
l e v e l ,
P a t te e  N orth A rea , No s i g n i f i c a n t  r e d u c tio n  in  th e  l e a f  h e ig h t  grow th o f  
th e  g ra s se s  was found on th e  P a t te e  N orth  a r e a .  The l e a f  h e ig h t  grow th 
m easurem ents a re  summarized i n  T able 9«* The summary o f  th e  a n a ly s is  o f  
v a r ia n c e  o f  th e  d a ta  i s  shown in  T able 1 0 , The e f f e c t  o f  b u rn in g  was n o t
s i g n i f i c a n t  a t  th e  f iv e  p e r  c e n t  l e v e l .
The d i f f e r e n c e  i n  t o t a l  l e a f  h e ig h t  o f  F e s tu ca  s c a b r e l la  and F e s tu ca  
id a h o e n s is  betw een burned  and unbum ed s ta n d s  was 17 p e r  cen t*  Poa secunda 
was reduced  o n ly  s l i g h t l y .
O th e r A reas . The o n ly  g ra s s  s p e c ie s  abundant a t  th e  o th e r  s tu d y  a re a s  
w ere A gropyron sp ica tum  and Poa secu n d a . L ea f h e ig h t  grow th o f  b o th  
s p e c ie s  was lo w er i n  th e  burned  s ta n d s .  S ince th e  e f f e c t  o f  b u rn in g  on 
Poa secunda was th e  same as  a t  th e  a re a s  p re v io u s ly  m en tioned , i t  was n o t
c o n s id e re d  im p o r ta n t to  show th e  l e a f  h e ig h t  grow th d a ta  c o l le c te d  on
t h i s  s p e c ie s  a t  Jumbo, P a t te e  E a s t ,  and th e  Upper and Lower W aterworks 
H i l l  a r e a s .
The l e a f  h e ig h t  grow th o f  Agropyron sp ica tum  on burned  and unbum ed 
p o r t io n s  o f  f iv e  a re a s  w hich burned  in  1958 i s  summarized i n  T able 1 1 ,
The a n a ly s is  o f  v a r ia n c e  f o r  t h i s  d a ta  i s  g iv en  in  T able 1 2 , The e f f e c t  
o f  b u rn in g  was s i g n i f i c a n t  a t  th e  1% l e v e l  a t  t h e . f i v e  a reas*
Agropyron sp ica tum  was reduced  in  t o t a l  l e a f  h e ig h t  grow th 9$ 20 , 2 k 9
and 25 p e r  c e n t  a t  Jumbo, P a t te e  E a s t ,  and Lower and Upper W aterworks H i l l  
a re a s  r e s p e c t iv e ly .
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T able  7. E f f e c t  of b u rn in g  on l e a f  h e ig h t grow th o f th e  fo u r 
m ajor g ra s s  sp e c ie s  on th e  G o lf Course s tu d y  a r e a ,  burned  1958,
m easured 1959*
S p ec ies D ate Burnedungrazed
Unburned
ungrazed
cm. cm.
4 /1 2 8 .6 10.4
A gropyron 5/12 23 .8 28.3
sp ica tum 6/15 3 6 .8 3 9 .0
Ave. 23.1 25.9
4 /12 14.1 18.5
F e s tu ca 5/12 30.1 39 .5
s c a b r e l la 6 /15 3 5 .8 50 .8
Ave. 26 .7 36.3
4 /1 2 5 .4 6 .2
K o e le r ia 5 /12 8 .6 13.1
c r i s t a t a 6/15 11.9 15.9
Ave. 8 .6 11.7
4 /12 4 .3 5 .2
Poa 5 /1 2 6.1 8.1
secunda 6/15 6 .7 8.1
Ave. 5 .7 7.1
T ab le  8 . A n a ly s is  o f v a r ia n c e  o f th e  e f f e c t  o f  b u rn in g  on l e a f  
h e ig h t grow th o f  th e  fo u r  m ajor g ra s s - s p e c ie s  on th e  G olf Course 
s tu d y  a r e a ,  bu rned  1958, m easured 1959.
DF SSquares V arian ce Sample F
Treatm ent 1 107.95 107.95 24.99**
Date 2 1,123.26 561.63 130.00**
S p ec ies 3 2 ,511 .50 837.17 193.87**
T x  S 3 59.83 19.94 4 .6 2  *
D x  S 6 528.37 88.06 20.38**
T x  D 2 15.71 7 .86  1 /
T x  D x  S _6 18.86 3 .1 4  1 /
TOTAL 23 4 ,3 6 5 .4 8
]_ / Combined to  form th e  e r r o r  v a r ia n c e , 4 .3 2 . 
* S ig n i f ic a n t  a t  5% l e v e l .
** S ig n i f ic a n t  a t  1% l e v e l .
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T able  9. E f f e c t  of bu rn ing  on l e a f  h e ig h t grow th o f th e  
th r e e  m ajor g ra s s  sp e c ie s  on th e  P a t te e  Canyon N orth  a r e a ,  
burned  1958, m easured 1959*
S p e c ies Date Burnedg razed
Unbumed
grazed
cm. cm.
4/23 12.0 12.7
F es tu ca 5/22 19.0 23.3
s c a b re l la 6/17 20 .9 26 .4
Ave. 17.3 20 .8
4/23 7 .7 9 .0
F es tu ca 5/22 11.4 13.3
id ah o en s is 6/17 11.6 14.7
Ave. 10.2 12.3
4/23 5.1 5.3
Poa 5/22 5 .6 5 .9
secunda 6 /17 5 .7 6 .4
Ave. 5 .5 5 .9
T ab le  10. A n a ly sis  o f v a r ia n c e  o f  th e  e f f e c t  o f  b u rn in g  
on l e a f  h e ig h t growth o f  th e  th r e e  m ajor g ra s s  sp ec ie s  on 
P a t te e  Canyon N orth a r e a ,  b u rned  1958, m easured 1959.
DF SSquares V ariance Sample F
T reatm ent 1 18.00 18.00 2.83
Date 2 106.33 53.16 8.37**
S p ec ies 2 541.96 270.98
1 /
42.67**
T x  S 2 7.23 3.61
D x  S 4 25.79 6 .44 1 /
T x  D 2 4 .26 2.13 1 /
T x  D x  S _4 38 .89 9.72 1 /
TOTAL 17 742.46
2 /  Combined to  form  th e  e r r o r  v a r ia n c e ,  6 ,3 5 . 
** S ig n i f ic a n t  a t  \% l e v e l .
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T ab le  11. E f fe c t  o f  b u rn in g  on l e a f  h e ig h t growth o f 
Agropyron sp ica tu m  a t  f iv e  d i f f e r e n t  s tu d y  a r e a s ,  
burned 1958, measured 1959.
Locat io n Date Burned Unburned
cm. cm.
4 /1 2 8 .6 10.4
G o lf Course (Ungrazed) 5/12 23 .8 28.3
6/15 3 6 .8 3 9 .0
Ave. 23.1 25 .9
5/3 18.6 27 .2
Jumbo (U ngrazed) 6 /4 3 2 .4 3 5 .7
6/29 3 5 .6 3 9 .2
Ave. 2 8 .9 3 4 .0
4/21 15.6 19.0
W aterworks H i l l 5/21 22 .6 3 2 .8
(Lower) (G razed) 6/16 27 .5 3 4 .8
Ave. 21 .9 28 .9
4 /14 10.2 12.5
Waterworks H i l l 5/12 20 .4 3 0 .2
(Upper) (G razed) 6/16 27 .2 3 4 .4
Ave. 19.3 25.7
5/7 14.7 20.1
P a t te e  E ast (G razed) 6 /7 2 8 .8 3 4 .8
7 /5 3 1 .4 3 5 .2
Ave. 25 .0 3 0 .0
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T ab le  12. A n a ly s is  o f v a r ia n c e  o f  th e  e f f e c t  o f bu rn in g  on 
l e a f  h e ig h t growth o f Agropyron sp ica tum  a t  f iv e  d i f f e r e n t  
s tu d y  a re a s ,  burned  1958 and m easured 1959.
DF SSquares V ariance Sample F
T reatm ent 1 210.14 210.14 22.12**
Date 2 1 ,807 .46 903.73 95.13**
L o ca tio n 4 279.97 69.99 7.37**
T x  L 4 15.33 3 .8 3 1/
D x  L 8 155.30 19.41 1 /
T x  D 2 8.40 4 .2 0
T x  D x  L __8 30.03 3 .7 5 1 /
TOTAL 29 2,506.63
J_/ Combined to  form  th e  e r r o r  v a r ia n c e ,  9*50. 
** S ig n i f i c a n t  a t  1% l e v e l .
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Second Y ear R e su lts
S e n t in e l  A rea . The 1959 l e a f  h e ig h t grow th o f in d iv id u a l  sp e c ie s  on th e  
burned and unbum ed p o r t io n  o f th e  S e n t in e l  a re a  i s  shown in  T ab le  13.
The a n a ly s is  o f v a r ia n c e  f o r  t h i s  d a ta  i s  summarized in  T ab le  14. The 
e f f e c t  o f b u rn ing  s t i l l  was s ig n i f i c a n t  th e  second y e a r  a t  th e  one p e r 
cen t l e v e l .
The d if f e r e n c e  betw een t o t a l  h e ig h t o f in d iv id u a l  g ra s se s  on th e  
burned and unburned p o r tio n s  was: F e s tu ca  sc a b re 1 1 a , 28 p e r c e n t;
F es tu ca  id a h o e n s is , 17 p e r c e n t ;  K o e le r ia  c r i s t a t a , 15 p e r c e n t ,  and 
Agropyron sp ica tu m . 9 p e r c e n t.
S t a t i s t i c a l  A n a ly sis
When th e  above d a ta  were t r e a t e d  s t a t i s t i c a l l y  by a n a ly s is  o f 
v a r ia n c e ,  b u rn in g  was found to  be h ig h ly  s ig n i f i c a n t  a t  a l l  lo c a t io n s  
excep t P a t te e  N o rth . A lthough th e  s ig n if ic a n c e  o f b u rn in g  was w ith in  
th e  99 p e r  c en t p r o b a b i l i ty  l im i t s  f o r  th e  two seasons a t  th e  S e n t in e l  
a r e a ,  th e  range o f s ig n if ic a n c e  was l e s s  th e  second y e a r .
In  each o f th e  an a ly se s  o f v a r ia n c e , D ate and S p ec ies  were h ig h ly  
s i g n i f i c a n t .  T his was expec ted  because some o f  th e  sp e c ie s  were s t ro n g ly  
d i f f e r e n t  in  b e h a v io r  and m a in ta in ed  t h e i r  r e l a t io n s h ip  betw een burned  
and unburned s ta n d s .  Date was s ig n i f i c a n t  because th e re  were a s e r ie s  
o f m easurements ta k en  p e r io d ic a l ly  d u rin g  th e  growing seaso n .
Seed S ta lk  Growth and Development
Seed S ta lk  H eight Growth
T able  15 shows th e  e f f e c t  o f b u rn in g  and g ra z in g  on seed  s t a l k  
h e ig h t grow th o f 4 g ra s se s  on th e  S e n t in e l  a re a  in  1958. T ab le  16 shows
3 a
T able  13. E f f e c t  o f  bu rn ing  on l e a f  h e ig h t growth o f  th e  f iv e  
m ajor g ra ss  sp e c ie s  on th e  S e n t in e l  s tu d y  a r e a ,  burned 1957,
measured 1959.
S p ec ies Date Burnedungrazed
Unburned
ungrazed
cm. cm.
4/28 15.5 17.1
Agropyron 5/30 2 6 .9 31.1
sp ica tum 6/23 3 1 .8 35.1
Ave. 24.7 27.8
4 /2 8 19.8 25.3
F estu ca 5 /30 3 0 .9 42 .2
scabre11a 6/23 3 2 .2 44*4
Ave. 27 .6 37 .3
4 /2 8 13.9 15.8
F es tu ca 5/30 16.4 20 .6
id a h o en s is 6/23 15.6 18.8
Ave. 15.3 18.4
4 /2 8 7 .0 9 .4
K o e le r ia 5/30 13.0 15.1
c r i s t a t a 6/23 13.5 15.9
Ave. 11.2 13.5
4 /2 8 6 .7 8 .0
Poa 5/30 4 .9 6 .0
secunda 6 /2  3 4 .9 6 .0
Ave. 5.5 6 .7
T able 14. A nalysis  o f  v a r ia n c e  o f th e  e f f e c t  o f b u rn in g  on
le a f  h e ig h t grow th o f  th e  f i v e  maj 
S e n t in e l  s tu d y  a r e a ,  burned
or g ra s s  s p e c ie s  on th e  
1957, m easured 1959.
DF SSquares V ariance Sample F
T reatm ent 1 111.36 111.36 68.32**
Date 2 372.71 186.36 114.33**
S p ec ies 4 2698.98 674.74 413.95**
T x  S 4 67 .00 16.75 10.28**
D x  S 8 311.95 3 8 .9 9 23.92**
T x  D 2 6 .49 3 .2 4  1 /
T x  D x  S 9.85 1.23 1 /
TOTAL 29 3578.34
\J  Combined to  form  th e  e r r o r  v a r ia n c e , 1 ,6 3 . 
** S ig n i f ic a n t  a t  1% l e v e l .
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e f f e c t  o f  b u rn in g  on h e ig h t growth o f seed  s t a lk s  o f  5 g ra s se s  on fo u r 
a re a s  in  1958 and 1959*
F i r s t  Year R e s u l t s . T o ta l  seed s t a l k  h e ig h t was found to  be reduced  on 
g razed  and burned p o r t io n s  o f th e  S e n t in e l  a re a  in  1958 by 15 and. 17 per 
c e n t, r e s p e c t iv e ly ,  f o r  F e s tu c a  id a h o e n s is , 3 and. 13 p er c en t fo r  
Agropyron sp ica tu m . 11 and 11 p er c en t f o r  K o e le r ia  c r i s t a t a , and 5 and
10 p e r cen t f o r  Poa secunda . Seed s t a l k  p ro d u c tio n  o f F es tu ca  s c a b r e l la
was v e ry  poor and th e r e f o r e ,  could n o t be m easured.
In  1959, on th e  G olf Course and P a t te e  N orth  b u rn s , th e  t o t a l
h e ig h t o f seed  s t a l k s  o f F e s tu ca  s c a b r e l la  was found to  be reduced  27 
and 5 p a r c e n t ,  r e s p e c t iv e ly .
The re d u c tio n  in  t o t a l  seed  s t a l k  h e ig h t o f A gropyron sp ica tum  
a t  P a tte e  E a s t and F es tu ca  id a h o en s is  a t  P a t te e  N orth  was 16 and 8 p e r 
c e n t ,  r e s p e c t iv e ly .
Second Year R e s u l t s . The measurem ents ta k e n  in  1959 on th e  S e n t in e l  
a re a  re v e a le d  t h a t  th e  t o t a l  seed  s t a l k  h e ig h t o f F e s tu ca  s c a b re l la  
and F es tu ca  id a h o e n s is  was 8 and 6 p e r cen t s h o r te r  and K o e le r ia  
c r i s t a t a  was 6 p e r c e n t t a l l e r  on th e  burned p o r t io n .
Seed S ta lk  Development
The seed  s t a l k  p ro d u c tio n  d a ta  c o l le c te d  in  1959 a t  4 lo c a t io n s  
a re  summarized in  T ab le  17.
The f i r s t  y e a r  a f t e r  b u rn in g  a t  th e  G olf C ourse, P a t te e  E a s t ,  and 
P a t te e  N orth  lo c a t io n s ,  th e re  were few er p la n ts  o f F e s tu ca  s c a b r e l l a ,
F estupa  id a h o e n s is . and A gropyron sp ica tum  producing  few er seed  s ta lk s  
in  th e  burned s ta n d s .  There were more p la n ts  o f K o e le r ia  c r i s t a t a  
p roducing  more seed s ta lk s  on th e  G olf Course b u m .
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Table 15. E f f e c t  o f  burn ing  and g ra z in g  on th e  h e ig h t growth o f seed  
s t a lk s  produced by fo u r  g ra s s  sp e c ie s  a t  th e  S e n t in e l  s tu d y  a r e a ,  1958.
Average H eigh t o f Seed. S ta lk s
Burned Unbumed. Unburned
ungrazed  ungrazed  grazed
cm. SEm cm. SEm cm. SEm
F e s tu ca  id a h o en s is 4 2 .0 + 1.72 5 0 .S ±1 .42 43.3 ± 1.89
K oeleria. c r i s t a t a 35*6 + 1.07 4 0 .0 ±1.05 3 7 .7 ± 1 .29
Agropyron sp ica tum 61 .5 + 1.31 70 .4 ± 1 .39 68 .6 ±3.51
Poa secunda 31 .3 + .84 3 4 .7 + .94 3 2 .9 + 1.15
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T able  16. E f fe c t  of b u rn ing  on th e  h e ig h t growth o f seed  s ta lk s  
produced by f iv e  g ra s s  s p e c ie s , 195B and 1959.
S p ec ies
L o ca tio n
Date
O bserved
No. P la n ts  
Observed
Ave.
Seed
H eight o f  
[ S ta lk s
cm. Sample t
F e s tu ca  s c a b r e l la
S e n t in e l Burn 6 /2 3 /5 9 80 77 .7 3.60**
Unburn 80 84 .2
G o lf Course Bum 7 /8 /5 9 115 71 .8 7.63**
Unbum 115 98.7
P a t te e  N orth Bum 6/1 7 /5 9 80 71 .2 .37
Unburn 80 74 .8
F es tu ca  id a h o e n s is
S e n t in e l Burn 6 /2 0 /5 8 42 4 2 .0 3 .94**
Unburn 50 50.8
S e n t in e l Bum 6 /2 3 /5 9 80 52.1 1.76
Unburn 80 55.7
P a t te e  N orth Bum 6 /1 7 /5 9 80 48 .7 1.41
Unburn 80 52.8
K o e le r ia  c r i s t a t a
S e n t in e l Burn 6 /2 0 /5 8 50 3 5 .6 2 .94**
Unburn 50 40 .0
S e n tin e l Burn 6 /23 /59 80 4 0 .2 1.71
Unburn 80 37 .9
Agropyron sp ica tum
S e n tin e l Burn 6 /2 0 /5 8 50 61.5 4 .66**
Unburn 50 70 .4
P a tte e  E a s t Burn 6 /2 3 /5 9 80 37 .3 2.89**
Unburn 80 44«2
Poa secunda
S e n tin e l Bum 6 /2 0 /5 9 50 31.3 2 .70**
Unbum 50 34 .7
* *  S ig n i f ic a n t  a t  th e  5$ l e v e l .
Table 17. E f fe c t  o f b u rn in g  on seed  s t a l k  p ro d u c tio n  o f v a r io u s  g ra s s  sp e c ie s  as 
de term ined  by th e  number o f producing p la n ts  and th e  number o f seed  s ta lk s  p e r
p la n t .  Burned 1958 \ J , m easured 1959.
S pec ies and L ocation No. P la n ts  Observed P la n ts  w ith Seed S ta lk s
No. Seed S ta lk s  
P er P la n t
No. % Ave.
F e s tu ca  s c a b r e l la
S e n t in e l  Burn BO 63 7 8 .8 11.9
Unburn 80 50 62 .5 8 .0
G olf Course Burn 115 65 56.5 8 .2
Unburn 115 99 86.1 3 2 .8
P a t te e  N orth  Burn 80 4 5 .0 3 .0
Unburn 80 14 17.5 2 .9
F e s tu c a  id a h o e n s is
S e n t in e l  Burn 80 47 5 8 .8 5 .9
Unburn 80 39 4 8 .8 8 .6
P a t te e  N orth  Burn 80 27 3 3 .8 5 .6
Unburn 80 53 66 .2 7 .0
K o e le r ia  c r i s t a t a
S e n t in e l  Burn 80 66 82.5 5 .6
Unburn 80 48 60 .0 2 .5
G olf Course Burn 80 54 67.5 5 .0
Unburn 80 42 52 .5 3 .0
Agropyron sp ica tum
P a t te e  E a s t Burn 80 25 3 6 .0 3 .4
Unburn 80 44 55 .0 3 .6
JJ  Except f o r  S e n t in e l  which burned in  1957.
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The t o t a l  seed  s t a l k  p ro d u c tio n  o f  F e s tu ca  s c a b re l la  was reduced  
84 and 70 p e r c en t on th e  G o lf Course and P a tte e  N orth  b u rn s , r e s p e c t iv e ­
ly ;  t h i s  d e te rm in a tio n  was based  on th e  number o f p roducing  p la n ts  and 
th e  av erag e  number o f seed  s t a lk s  p e r p la n t .  T o ta l  seed  s t a l k  produc­
t i o n  o f F es tu ca  id a h o e n s is  and. Agrop.yron s p ic  a t  urn was reduced 59 and 46 
per c en t on th e  P a t te e  N orth  and P a t te e  E a s t b u rn s , r e s p e c t iv e ly .  K oel-  
e r i a  c r i s t a t a  in c re a se d  114 p e r cen t in  t o t a l  seed  s t a lk  p ro d u c tio n  on 
th e  burned  p o r tio n  o f th e  G o lf Course a r e a .
Seed s t a l k  p ro d u c tio n  was n o t m easured a t  th e  S e n t in e l  lo c a t io n  
u n t i l  th e  second y e a r a f t e r  b u rn in g . At t h a t  t im e , a h ig h e r  p e rcen tag e  
of p la n ts  o f F e s tu ca  s c a b r e l la  and K o e le r ia  c r i s t a t a  was found producing  
more seed  s t a l k s  on th e  burned  p o r tio n  o f th e  a r e a .  There a ls o  were 
more p la n ts  o f F e s tu ca  id a h o e n s is  w ith  seed  s ta lk s  on th e  b u rn , bu t 
th e s e  p la n ts  were p roducing  few er seed s ta lk s  p e r  p la n t  th a n  on th e  un- 
burned p o r t io n s .  T o ta l  seed  s t a lk  p ro d u c tio n  o f F e s tu c a  s c a b re l la  and 
K o e le r ia  c r i s t a t a  was in c re a se d  87 and 208 p e r c e n t ,  r e s p e c t iv e ly ,  and 
F es tu ca  id a h o en s is  was reduced  17 p a r c e n t .
In  1959 th e  in f lo re s c e n c e  o f F es tu ca  s c a b r e l l a  emerged from  th e
boot abou t f iv e  to  s ix  days e a r l i e r  on burned  s ta n d s . F ig u re  8 shows
th e  p o s i t io n  o f th e  in f lo re s c e n c e s  in  r e l a t i o n  to  th e  base  o f th e  u p p e r­
most l e a f  b la d e  o f F es tu ca  s c a b r e l la  p la n ts  ta k en  from  burned and un­
burned  s tan d s  a t  th e  S e n t in e l  a r e a  on May 7 , 1959. At th e  S e n t in e l  lo c a ­
t io n  th e  emergence d a te  was May 1 on th e  burned  p o r t io n  and May 6 on th e  
a d ja c e n t  unburned p o r t io n .  On th e  burned and unburned p o r tio n s  a t  th e  
G olf C ourse, th e  d a te s  were May 6 and May 12 r e s p e c t iv e ly .  The d a te  o f 
emergence o f  F e s tu ca  id a h o en s is  and Agropyron sp ica tu m  was about th e  same
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M t  S e n t i n e l
May  7t 1959
Un b u r n e d  B u r n e d
F ig u re  S. The in f lo re s c e n c e s  o f F e s tu ca  s c a b re l la  
emerged from  th e  boo t e a r l i e r  in  th e  burned s tan d  th a n  
in  th e  un tu rned  s tan d  a t  th e  S e n t in e l  a r e a ,  1959c The 
arrow s show th e  p o s i t io n  o f th e  node a t  th e  base  o f 
th e  in f lo re s c e n c e s  in  r e la t io n s h ip  to  th e  base  o f th e  
upperm ost l e a f  b la d e .
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f o r  burned  and unburned s ta n d s , th e  d a te s  be ing  May 19 and May 18 fo r  
F es tu ca  id a h o e n s is  a t  S e n t in e l  and June 3 and June 1 f o r  A gropyron 
sp ica tum  a t  Jumbo.
Root Crown Damage
The p e rcen tag e  o f th e  ro o t  crowns o f in d iv id u a l  g ra s s e s  damaged 
by b u rn in g  and g ra z in g  fo r  s i x  s tu d y  a re a s  as de term ined  by two methods 
i s  shown in  T able  18. The deg ree  of damage and m o r ta l i ty  o f  in d iv id u a l  
s p e c ie s  as  de term ined  by t o t a l  b a s a l  a re a  o f each p la n t  i s  shown in  
T ab le  19. Root crown damage as  m easured by th e  l i n e  in te r c e p t  method i s  
shown in  Appendix IV. A lthough th e  r e s u l t s  o b ta in ed  by th e  l i n e  i n t e r -  
c ep t method a re  somewhat h ig h , th e  v a lu e s  a re  com parable to  th o se  ob­
ta in e d  th ro u g h  th e  use o f th e  t o t a l  b a s a l  a r e a .
G razing  damage was found in  a l l  th e  unbum ed s ta n d s  as ev idenced  
by p la n ts  o f th e  m ajor g ra s s  s p e c ie s  w ith  dead o r  p a r t i a l l y  dead ro o t 
crowns. The g ra z in g  h i s to r y  on th e  burned  and unbum ed p o r t io n s  has 
p ro b ab ly  been i d e n t i c a l ; t h e r e f o r e ,  th e  d if f e r e n c e  in  ro o t crown damage 
between th e  burned  and unburned s ta n d s  was assumed to  be th e  r e s u l t  o f 
b u rn in g .
On most a re a s  a h ig h e r  p e rc en ta g e  o f t o t a l  ro o t  crown a re a  o f th e  
in d iv id u a l  g ra s se s  was damaged by b u rn in g  th a n  by g ra z in g . The degree 
o f ro o t  crown damage due to  b u rn in g  on F e s tu ca  s c a b r e l la  i s  shown in  
F ig u re  9. The g r e a te s t  damage o ccu rred  on th e  S e n t in e l  a r e a .  At t h i s  
a re a  th e  t o t a l  r o o t  crown a re a  o f  F es tu ca  id a h o e n s is , Agropyron sp ica tu m , 
F e s tu ca  s c a b r e l l a . and K o e le r ia  c r i s t a t a  was damaged by b u rn in g  51, 43, 
42 , and 26 p e r c e n t ,  and by g ra z in g  14, 23 , 18, and 21 p e r  c e n t ,  re s p e c ­
t i v e l y .
T able  18* P e rcen tag e  o f  t o t a l  ro o t  crown a re a  o f  f iv e  sp e c ie s  damaged by g ra z in g  as de term ined
by t o t a l  b a s a l  a re a  o f  each p la n t  and by l i n e  i n t e r c e p t 5 1959*
By t o t a l  b a s a l
Root
a re a
Crown Damage
By l i n e  in te r c e p t
Grazed
burned
Grazed
o n ly D if f .
Grazed
burned
Grazed
o n ly D if f .
% % % % % %\
Agropyron sp ica tum
S e n tin e l 6 6 .4 23 .6 42 .8
G olf Course 43 .6 26.6 17.0 74 .6 52 .8 2 1 .8 '
P a t te e  E ast 42.1 15.9 26 .2 52.1 23 .8 28.3
P a t te e  P o in t 3 7 .9 _ _ 3 7 .9
F e s tu c a  s c a b r e l l a
S e n t in e l 59 .9 18.2 41 .7
G olf Course 3 4 .9 17.6 17.3 42 .7 16.9 25 .8
P a t te e  North 34 .5 2 1 .7 12.8 39 .6 2 5 .4 14.2
F es tu ca  id a h o e n s is
S e n tin e l 54.3 14.0 5U 3
P a tte e  N orth 35 .6 13.0 22 .6 3 6 .4 16.9 19.5
P a t te e  P o in t 20.1 — 20.1
K o e le r ia  c r i s t a t a
S e n t in e l 4 7 .4 21 .4 26 .0
G olf Course 29 .8 16.3 13.5 63.3 48.5 14.8
P a t te e  N orth 19.2 7 .4 11.8 37 .5 9 .0 28 .5
Poa secunda
G olf Course 42 .8 18.0 24 .8 65.5 37 .2 28.3
P a t te e  North 29 .2 15.0 14.0 41 .9 24.1 17.8
P a t te e  E as t 34 .5 8 .9 25 .6 3 7 .9 17.0 20 .9
W aterworks H i l l 57.7 38.1 19.6 59.0 42 .6 16.4
(Lower )
TABLE 19  o D e g re e  o f  Damage to  f i v e  g ra s s  s p e c ie s  by p e rc e n ta g e  c la s s e s ,  on a r e a s  b u rn ed  1957  and 1 9 5 8 .
SPECIES Damage p e r c e n t a g e  c l a s s e s
LOCATION________;____________ 0 1-25 26-50 51 -75 76-99 100 ' TOTAL
No. % No. * No. i No. i NO. i NO. i No. $>
Ag r o py r o n  SPICATUM
Se n t in e l Bu r n 12 9.0 20 15.0 37 27.8 60 45.1 4 3.1 133 100
Un b u r n 17 18.5 45 48.9 17 18.5 7 7.6 4 4.3 2 2.2 92 100
Go l f  Co u r s e Bu r n 13 31.7 13 31.7 9 21.9 2 4.9 4 9.8 41 100
Un b u r n 6 11.5 24 46.3 15 28.8 4 7.7 2 3.8 1 1.9 52 100
Pa t t e e  Ea s t Burn 5 9.3 8 14.8 20 37.0 17 31.5 4 7.4 54 100
Un b u r n 18 36.0 20 40.0 8 16.0 4 8.0 50 100
Pa t t e e  Po i n t Bu r n 7 7.4 29 30.9 25 26.6 25 26.6 8 8.5 94 100
Jumbo Bu r n 42 42.0 16 16.0 13 13.0 22 22.0 7 7.0 100 100
Fe s t u c a  Sc a b r e l l a
Se n t in e l Bu r n 7 11.1 16 25.4 19 30.2 16 25.4 5 7.9 63 100
Un b u r n 11 10.1 75 68.8 17 15.6 4 3.7 1 .9 1 .9 109 100
Go l f  Co u r s e Bu r n 41 35.0 53 45.3 20 17.1 2 1.7 1 .9 117 100
Un b u r n 25 21.2 70 59.3 14 11.9 6 5.1 2 1.7 1 .8 118 100
Pa t t e e  Nor th Bu r n 4 12.5 8 25.0 13 40.6 5 15.6 2 6.3 32 100
Un b u r n 4 14.8 13 48.1 8 29.6 2 7.5 27 100
Fe s t u c a  id a h o e n s is
Se n t in e l Bu r n 51 16.7 44 14.4 56 18.4 97 31.8 57 18.7 305 100
Un b u r n 105 49.8 71 33.6 14 6.6 13 6.2 3 1.4 5 2.4 211 100
Pa t t e e  North Bu r n 16 21.6 30 40.5 13 17.6 14 18.9 1 1.4 74 100
Un b u r n 45 41.7 42 38.9 IT 15.7 4 3.7 108 100
Pa t t e e  Po in t Bu r n 44 25.1 77 44.0 36 20.6 15 8.6 2 1.7 1 .6 175 100
Ko e l e r i a  c r i s t a t a
Se n t in e l Bu r n 78 28.8 72 26.6 59 21.8 55 20.3 7 2.5 271 100
Un b u r n 16 27.1 23 39.0 12 20.3 7 11.9 1 1.7 59 100
Gq l f  Co u r se Bu r n 4 14.3 11 39.3 8 28.6 2 7.1 2 7.1 1 3*6 28 100
Un b u r n 9 39.1 7 30.4 6 26.1 1 4.4 23 100
Pa t t e e  No r t h Bu r n 11 28.2 15 38.5 10 25.6 3 7.7 39 100
Un b u r n 18 60.0 10 33.4 1 3.3 1 3.3 30 100
POA SECUNDA
Go l f  Co u r s e Burn 5 10.2 13 26.6 11 22.4 11 22.4 5 10.2 4 8.2 49 100
Un b u r n 12 41.4 8 27.6 7 24.2 1 3.4 1 3.4 29 100
Pa t t e e  North Bu r n 67 26.0 62 24.0 71 27,5 43 16.7 10 3.9 5 1.9 258 100
Un b u r n 105 56.8 37 20.0 22 11.9 13 7.0 6 3.2 2 1.1 185 100
Pa t t e e  Ea s t Bu r n 11 20.4 13 24.1 13 24.1 11 20.4 6 11.0 54 100
Un b u r n 37 71.1 7 13.5 5 9.6 3 5.8 52 100
Wa te r w o r k s  H i l l Bu r n 12 21.4 11 19.7 15 26.8 6 10.7 12 21.4 56 100
( Lo w e r ) Un b u r n 15 41.7 10 27.8 6 16.6 5 13.9 36 100
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p ^ J 'M W v n
F ig u re  9 . The degree  o f ro o t crown damage due to  burn ing  on 
F e s tu ca  s c a b r e l la  g e n e ra l ly  v a r ie d  from le s s  th a n  10 p e r c en t 
( above) to  90 p e r  c en t (b e lo w ). G o lf Course a r e a 5 f a l l  1958.
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The v e g e ta t io n  on th e  P a t te e  N orth  a re a  s u f fe re d  th e  l e a s t  damage 
from b u rn in g  o f any o f  th e  a re a s  under in v e s t ig a t io n .  H ere, th e  ro o t 
crown damage r e s u l t i n g  from  burn ing  and from  g ra z in g  was: F es tu ca  scab -
re 1 1 a , 13 and 22 p e r c e n t ,  F e s tu ca  id a h o e n s is  23 and 13 p e r  c e n t ,  K oel­
e r i a  c r i s t a t a  12 and 8 p e r c e n t ,  and Poa secunda 14 and. 15 p e r  c e n t, 
r e s p e c t iv e ly .
The p e rcen tag e  o f  p la n t  m o r ta l i ty  was q u i te  low on th e  burned and 
unburned p o r tio n s  o f  a l l  th e  a r e a s .  On a l l  a re a s  b u rn in g  was re s p o n s i­
b le  fo r  l e s s  th a n  7 p e r c e n t o f  th e  t o t a l  m o r ta l i ty  w ith in  each s p e c ie s ,  
w ith  th e  ex ce p tio n  o f F e s tu ca  id a h o e n s is  on th e  S e n t in e l  a r e a ,  where th e  
m o r ta l i ty  due to  b u rn in g  amounted to  a lm ost 19 p e r c e n t .
P la n t  Com position
The l iv e  p la n t  p e rc en ta g e  com position  o f  burned  and a d ja c e n t un­
bum ed s ta n d s  a t  th e  P a t te e  E a s t ,  P a tte e  N o rth , G olf C ourse , and Lower 
W aterworks H i l l  a re a s  i s  shown in  T ab le  20. The d e ta i l e d  measurements 
on p la n t  coverage o f  th e  fo u r  a re a s  a r e  shown in  Appendix IV.
The t o t a l  p la n t  coverage was s l i g h t l y  low er on th e  burned  p o r tio n  
o f th e  fo u r  a r e a s .  S p ec ies  com position  showed no c o n s is te n t  a l t e r a t i o n  
a s  a r e s u l t  o f  b u rn in g , ex cep t f o r  Poa secunda which in c re a s e d .
The im p o rtan t changes in  th e  l i v e  p la n t  com position  were as f o l ­
low s: th e  t o t a l  com position  was com prised o f a low er p e rcen tag e  o f
Agropyron sp ica tum  in  th e  burned  s tan d s  th a n  in  th e  a d ja c e n t unburned 
s tan d s  a t  Lower W aterworks H i l l  and P a t te e  E a s t ,  b u t rem ained p ro p o r­
t i o n a t e ly  th e  same in  burned  and unburned s ta n d s  a t  th e  G olf Course apea . 
The p e rc en ta g e  o f Poa secunda was h ig h e r in  a l l  th e  burned s ta n d s  th a n  
i t  was in  th e  a d ja c e n t unbum ed s ta n d s . Bromus te c to ru m  com prised 26
T able 20 . L ive p la n t  p e rc en ta g e  com position  o f  fo u r  burned and unburned a re a s  as de term ined  by  th e
l in e  in te r c e p t io n  method^ 1959. \ J
S p ec ies
P a tte e
Burned
E ast
Unburned
P a t t
Burned
ee North 
Unbumed
G olf
Burned
Course
Unburned
Waterworks H i l l  
(Lower)
Burned Unbumed
% % % %
of
/O % % %
Agropyron sp ica tum 27 .2 51.1 21 .3 21 .9 6 .0 8 .2
F e s tu c a  s c a b r e l l a 3.1 4 .0 13.2 11.4
F e s tu c a  id a h o e n s is 7 .6 9 .5
K o e le r ia  c r i s t a t a 5 .9 7 .2 2 .6 2 .6 7 .5 3 .2
Poa secunda 19.3 13.3 24 .5 i k - 0 17.1 8 .5 18,3 13.1
Bromus te c to ru m 2 .6 2 .3 2 5 .9 57.5
O ther g ra s s e s 4.1 7 .5 31 .5 3 1 .9 12.6 19.6 10.1 0 .0
Forbs j & i 20 .9 30 .7 3 8 .0 .25,7 -22*1 3 9 .7 21 .2
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
\ J  See Appendix IV f o r  d e ta i l e d  m easurem ents on p la n t  coverage .
O
p e r cen t o f th e  t o t a l  com position  o f th e  burned s tan d  a t  Lower W ater­
works H i l l  a re a  as  compared to  57 p e r c en t in  th e  a d ja c e n t unburned 
s ta n d . The p e rcen tag e  o f fo rb s  was h ig h e r in  th e  burned s ta n d  th a n  in  
th e  unburned s tan d  a t  P a t te e  E a s t and Lower W aterworks H i l l  and low er in  
th e  burned s tan d  a t  th e  P a t te e  N orth  and G olf Course a r e a s .  The o th e r  
g ra s se s  rem ained p ro p o r t io n a te ly  th e  same in  th e  burned s ta n d  as  in  th e  
a d ja c e n t unburned s ta n d  a t  each a re a .
D e n s ity  and Development o f Forbs
The d e n s i ty  o f c e r t a in  fo rb s  sp e c ie s  as found in  burned  and un­
burned  s tan d s  one y e a r  a f t e r  b u rn in g  i s  shown in  T ab le  21. The e f f e c t  
o f b u rn in g  on th e  p e rcen tag e  o f  f lo w erin g  p la n ts  o f A c h il le a  s p „ and 
B alsam o rrh iza  s p . i s  shown in  T ab le  22.
The d e n s i ty  o f Tragopogon sp . was found to  be 73 p e r c en t h ig h e r 
in  th e  burned s ta n d  th a n  in  th e  a d ja c e n t  unburned s ta n d  a t  th e  G olf Course 
a re a . T here  was 59 p e r  cen t more p la n ts  o f Lupinus s p . on th e  P a tte e  
N orth b u rn 5 w hereas th e r e  was 17 per c e n t few er p la n ts  o f t h i s  sp e c ie s  
in  th e  burned s ta n d  a t  th e  G olf Course a r e a .  The abundance o f Z igadenus 
s p . a t  th e  P a t te e  N orth a re a  was about th e  same fo r  burned and unburned 
p o r t i o n s .
A lthough th e r e  was v e ry  l i t t l e  d if f e r e n c e  between th e  d e n s i ty  o f 
A c h ille a  la n u lo s a  in  burned  and unburned s ta n d s  a t  th e  G olf Course and 
th e  S e n t in e l  a r e a s 5 th e  p e rcen tag e  of f lo w erin g  p la n ts  o f t h i s  s p e c ie s  
in  th e  burned  s tan d s  was te n  tim es g r e a te r  a t  th e  S e n t in e l  a re a  and more 
th an  tw ic e  as  g re a t  a t  th e  G olf C ourse a re a  as  in  th e  a d ja c e n t unburned 
s ta n d s . A check o f t h i s  sp e c ie s  a t  th e  P a t te e  N orth a re a  re v e a le d  th a t  
th e  burned  s tan d  had 57 p e r cen t more p la n ts  p e r a c re  th a n  th e  a d ja c e n t
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T ab le  21. The abundance o f c e r ta in  fo rb  sp e c ie s  on burned and unbum ed
a re a s  one y e a r  a f t e r  b u rn in g .
S p ec ies
L oca tion
P la n ts  p e r 
Burned
1/1 ,000  o f an a c re  
Unburned.
no. no.
Tragopogon sp .
G olf Course 75 .5 43 .7
Lupinus sp .
G olf Course 3 2 .7 3 9 .2
P a t te e  N orth 15.9 10.0
Zigadenus sp .
P a t te e  N orth 3 6 .2 3 7 .0
A c h ille a  la n u lo s a
S e n tin e l 102.2 109.2
G olf Course 40 .5 3 8 .8
P a t te e  N orth 31.1 8 ,7
B alsam o rrh iza  sp .
Lower W aterworks H i l l 47 .7 42.5
M ature P la n ts 6.1 7 .5
Young P la n ts 41 .6 3 5 .0
% Young P la n ts 87 .2 82 .4
Upper W aterworks H i l l 14.5 19.6
M ature P la n ts 1.5 3 .2
Young P la n ts 13.0 16 .4
% Young P la n ts 89.7 83.7
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T able  22. E f f e c t  o f  bu rn ing  on th e  p e rcen tag e  o f  A c h ille a  and 
B alsam orrh iza  sp e c ie s  flo w e rin g  in  burned and unburned s ta n d s ,
one y ear a f t e r  b u rn in g .
Burned Unburned
S p ec ies P la n ts F low ers P la n ts Flow ersL o ca tio n w ith p e r w ith p e r
flo w ers p la n t flo w ers p la n t
% no. % no.
A c h ille a  L anulosa
S e n t in e l 21.3 2 .4
G olf Course 26.9 11.3
P a tte e  N orth 7 .7 5.0
W aterworks H i l l
Lower 77.1 9 .0 88 .4 10.0
Upper 50.0 4 .5 63 .6 7 .7
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unburned s ta n d ;  however, th e  number o f flo w e rin g  p la n ts  was abou t th e  
same in  b o th  s ta n d s .
On th e  burned p o r tio n  o f th e  two W aterworks H i l l  a r e a s ,  th e  d e n s i­
t y  o f  B alsam o rrh iza  s p . was found to  be 12 p e r c en t h ig h e r a t  th e  low er 
lo c a t io n  and 26 p e r c en t low er a t  th e  upper lo c a t io n .  At each lo c a t io n ,  
more th an  80 p e r c en t o f  th e  p la n ts  were young s e e d l in g s ,  be in g  more 
abundant in  th e  burned s tan d s  th a n  in  th e  a d ja c e n t unburned s ta n d s .  In  
each case  th e re  were few er p la n ts  on th e  two burns su p p o rtin g  le s s  
flo w ers  th a n  on th e  unburned p o r t io n s .
Herbage P ro d u c tio n  and th e  Amount of 
N a tu ra l  Mulch
The a i r  d ry  w eigh ts o f  herbage produced and th e  amount o f n a tu r a l  
mulch p e r a c re  on burned  and unburned p o r tio n s  a t  th r e e  lo c a t io n s  in  
1959 i s  shown in  T able  23.
No d if f e r e n c e  was found in  t o t a l  herbage p ro d u c tio n  o f burned and 
unburned p o r t io n s  a t  th e  G olf Course and P a t te e  E a s t lo c a t io n s .  At th e  
S e n t in e l  a r e a ,  however, th e  t o t a l  herbage p ro d u c tio n  p e r a c re  was 1036 *
pounds on th e  bum  as  compared to  1375 pounds on th e  a d ja c e n t unburned 
p o r t io n .
P ro d u c tio n  o f Agropyron sp ica tum  was h ig h e r  on th e  burned p o r tio n s  
o f S e n t in e l  and th e  G olf Course by 80 and 40 p e r  c e n t ,  r e s p e c t iv e ly ;  no 
d if f e r e n c e  was found a t  th e  P a t te e  E a s t lo c a t io n .  On one and two y e a r
v'
o ld  burned s tan d s  th e  p ro d u c tio n  o f F e s tu c a  s c a b r e l la  and F es tu ca  id a h o ­
e n s is  was f a r  below  t h a t  of a d ja c e n t unburned s ta n d s . The combined p ro ­
d u c tio n  o f  Poa secunda and K o e le r ia  c r i s t a t a  was tw ice  as  g re a t  on th e  
one y e a r  o ld  P a t te e  E a s t bum  and fo u r  tim es  g r e a te r  on th e  two y e a r  o ld  
S e n t in e l  b u m .
T able 23 . A ir-d ry  herbage p ro d u c tio n  and w eight o f n a tu r a l  mulch found on th re e  burned and unburned
areas^  1959*
L o cation
S pecies
T o ta l T o ta lMulchAgropyron
sp ica tum
F es tu ca
s c a b r e l la
F es tu ca
id a h o e n s is
Poa and 
K o e le ria
O ther JJ  
G rasses Forbs
Lbs./Acre Lbs./Acre Lbs-/Acre Lbs./Acre Lbs/A cre Lbs/A cre Lbs/A cre X bs/A cre
S e n t in e l  3 /  Burn 300.1 87.1 203.3 371 .0 174.2 1035.7 117.2
Unburn 164 .6 367 .8 271.0 7 7 .4 493.7 1374.6 916.3
G olf Course Burn 473.? 41 .5 116.2 91.3 680.6 1402.6 387 .6
Unburn 3 3 2 .0 122.0 124.5 70 .6 747.0 1397.1 1429.3
P a tte e  E ast Burn 559 .0 66 .7  2 / 162.7 13.9 299.4 1101.7
Unburn 563.9 107.2 2 / 66 .2 2 7 .8 340 .0 1105.1
]_/ In c lu d e s  Bromus te e to ru m , Car ex f i l i f o l i a , F es tu ca  o c to f lo r a c
2 /  In c lu d e s  F e s tu ca  id a h o e n s is . 
For second y e a r a f t e r  b u rn in g .
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The p ro d u c tio n  o f m inor g ra s s  s p e c ie s ,  which in c lu d e d  Carex s p . , 
Bromus te c to ru m , and F e s tu c a  o c to f lo r a , in c re a se d  30 p er c en t on th e  
burned  p o r tio n  o f  th e  G o lf Course a re a  and d ecreased  50 p e r c en t a t  P a t ­
te e  E a s t .  The in c re a s e d  p ro d u c tio n  o f th e s e  m inor g ra s s e s  a t  th e  G olf 
Course a re a  was l a r g e ly  due to  th e  p resen ce  o f more p la n ts  o f C arex s p .
in  th e  q u a d ra ts  c lip p e d  on th e  bu rn .
The w eigh t o f  a l l  th e  fo rb  sp e c ie s  was 65 p e r cen t l e s s  in  burned 
s ta n d s  a t  S e n t in e l  and 10 p e r c en t l e s s  a t  bo th  P a t te e  E a s t and G olf 
C ourse.
The n a tu r a l  m ulch, having  been l a r g e ly  consumed by f i r e  a t  a l l  
th e  lo c a t io n s ,  was weighed a t  on ly  two a r e a s .  At th e  G olf Course a re a  
338 pounds p e r  a c re  o f n a tu r a l  mulch rem ained a f t e r  b u rn in g . T h is  was 
27 p e r c en t o f th e  1429 pounds p e r a c re  found on th e  unbum ed p o r t io n .  
A f te r  two y e a rs  th e  burned  p o r t io n  o f th e  S e n t in e l  a re a  had on ly  117
pounds p e r a c re  o f  n a tu r a l  m ulch, which a s  13 p e r c en t o f  916 pounds p e r
a c re  found on th e  unbum ed p o r t io n s .
Development and Growth o f  Bromus tec to ru m
Bromus te c to ru m , n o t a n a t iv e  s p e c ie s ,  was abundant on ly  on th e  
Lower W aterworks H i l l  a re a .  D ata c o l le c te d  a t  t h i s  a re a  re v e a le d  th a t  
f i r e  had a perm ute e f f e c t  upon t h i s  g ra s s .
The average  l e a f  h e ig h t o f t h i s  s p e c ie s  was abou t th e  same on 
btirned and unburned p o r tio n s  on A p r i l  23 , b u t by May 8 th e  p la n ts  on 
th e  burned p o r t io n  w ere about 1 .5  c e n tim e te rs  t a l l e r .
On th e  b u rn , d e n s i ty  averaged  30 p la n ts  p e r  square  f o o t .  Each 
p la n t su p p o rted  about 3 t i l l e r s  and. had 14 s p ik e l e t s  p e r t i l l e r .  The
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d e n s ity  on th e  unburned p o r t io n  averaged  48 p la n ts  p e r  sq u are  fo o t .
Each p la n t  averaged  1.3 t i l l e r s  p e r  p la n t  and 7 s p ik e l e t s  p e r t i l l e r .
M oistu re  C onten t o f  th e  V e g e ta tio n  
The m o is tu re  c o n te n t o f 4 g ra s s  sp ec ie s  from  4 burned, and un­
bum ed s tan d s  i s  shown in  T ab le  24.
By th e  f i r s t  o f J u ly ,  1959 i t  was ap p a ren t t h a t  s e v e ra l  g ra s s  
sp ec ie s  were beg inn ing  to  cu re  e a r l i e r  on th e  burned p o r t io n  o f s e v e ra l  
lo c a t io n s ,  p a r t i c u l a r l y  on th e  S e n t in e l  and G olf Course a r e a s .  F ig u re  
10 shows th e  d if f e r e n c e  in  appearance  between burned and unburned s tan d s  
o f th e  G olf Course a re a  on J u ly  10, 1959.
M oisture  d e te rm in a tio n s  made on th e  g ra s se s  from  th e  S e n t in e l  a re a  
showed th a t  th e  m o is tu re  c o n te n t was 6 .5  p e r  cen t le s s  in  th e  le av e s  o f 
Agropyron sp ica tu m  and 4 .7  and 5 .8  p e r  c en t le s s  in  th e  seed  s t a l k s  o f 
F es tu ca  id a h o e n s is  and Poa secu n d a , r e s p e c t iv e ly ,  on th e  burned p o r t io n .
I n v e s t ig a t io n s ,  p r io r  to  J u ly  1, rev ea led  th e  fo llo w in g  r e s u l t s :  
e a r ly  in  May th e  m o is tu re  c o n te n t o f th e  le a v e s  o f F es tu ca  s c a b r e l la  was 
th e  same f o r  burned and unburned s ta n d s  o f th e  G olf Course a r e a .  The 
m o is tu re  c o n te n t of th e  le a v e s  o f F e s tu ca  id a h o e n s is , checked on th e  P a t ­
te e  N orth b u rn , was 8 p e r c e n t l e s s .  The m o is tu re  c o n ten t o f th e  le av e s  
o f Agropyron sp ica tum  was 19 per c en t h ig h e r  in  th e  burned  s tan d s  a t  
Jumbo l a t e  in  Ju n e .
E f fe c ts  o f  B urning on S o i ls  
S o i l  Tem peratures 
In  th e  f a l l  o f 1958 th e  average  s o i l  tem p e ra tu re  tak en  a t  th e  one- 
in ch  depth  was low er by .4 ,  1.3* and 1.5 degrees on burned p o r tio n s  o f
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T able  24. M oistu re  c o n te n t J_/ o f fo u r  im p o rtan t g ra s se s  one y e a r  and
two y e a rs  fo llo w in g  b u rn in g .
L o ca tio n
S p ec ies
V e g e ta tiv e
p a r t Date Burned Unburned
% %
G olf Course
F es tu ca  s c a b r e l la Leaves 5/  9/59 200 .8 199.5
P a tte e  N orth
F e s tu c a  id a h o en s is Leaves 6/ 17/59 160.1 168.6
Jumbo
A gropyron sp ica tum Leaves 6/ 29/59 134.4 115.3
S e n t in e l  2 /
Agropyron sp ica tum Leaves 7/ 11/59 84 .6 91.1
F e s tu ca  id a h o en s is Seed s t a lk 7/  5/59 105.5 110.2
Poa secunda Seed s t a l k 7/  5/59 56.1 61 .9
\J  Based on oven-dry  w e ig h t. 
2 /  Two y e a rs  a f t e r  b u rn in g .
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F ig u re  10. The appearance  o f  burned  and unburned s tan d s  a t  
th e  G olf Course a re a  on J u ly  10, 1959. The y e llo w ish  c o lo r  
o f th e  burned s ta n d  i s  a s s o c ia te d  w ith  th e  lo s s  in  v e g e ta t iv e
m o is tu re  c o n te n t.
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P a tte e  N o rth , Lower W aterworks H i l l ,  and Upper W aterworks H i l l ,  r e s p e c ­
t i v e l y ;  w h ereas, a t  th e  G olf Course area,, th e  s o i l  on th e  burned p o r t io n  
was 4 ,7  d eg rees  warmer a t  th e  one-inch  d e p th .
The av erag e  te m p e ra tu res  o f burned and unburned s o i l s  ta k en  du rin g  
th e  sp r in g  o f 1959 a t  th e  one and two and o n e -h a lf  inch  dep ths a re  shown 
in  T able 25.
The average  s o i l  tem p e ra tu re  f o r  a l l  th e  a re a s  s ig n i f i c a n t ly  i n ­
c re a sed  as a r e s u l t  o f b u rn in g ; th e re  was 2 .2  d eg rees  in c re a s e  a t  th e  
o n e -in ch  dep th  and 1 .7 deg rees in c re a s e  a t  th e  two and o n e -h a lf  in ch  
d e p th . The d i f f e r e n c e  between s o i l  te m p e ra tu re s  o f burned and unburned 
s tan d s  ranged from  0 to  5*7 deg rees a t  th e  o n e -in ch  le v e l  and from - . 1  
to  3 .7  degrees a t  th e  two and o n e -h a lf  inch  l e v e l .
S o i l  A n a ly sis
The s o i l  c l a s s i f i c a t i o n  and th e  t e x t u r a l  p ro p e r t ie s  o f th e  f i r s t  
in ch  o f s o i l  f o r  s ix  s tu d y  a re a s  i s  g iven  in  Appendix V. The r e s u l t s  of 
th e  la b o ra to ry  a n a ly s is  on th e  f i r s t  inch  o f s o i l  tak en  from  burned  and 
unbum ed p o r tio n s  o f s i x  a re a s  a re  summarized in  T able  26.
No d i f f e r e n c e  was found in  s o i l  r e a c t io n  betw een burned and un­
bum ed s i t e s .  The pH of a l l  s o i l s  t e s t e d  ranged  from 6 .6  to  6 .8 .
P o tassium  was th e  on ly  s o i l  n u t r i e n t  which showed a c o n s is te n t  
s ig n i f i c a n t  in c re a s e  in  th e  s o i l s  from th e  burned  s ta n d s . There was no 
c o n s is te n t  change in  o rg an ic  carb o n , t o t a l  n i t r o g e n , ca lc ium , magnesium, 
manganese, and phosphorus c o n te n t in  th e  s o i l s  as a r e s u l t  o f b u rn in g .
F or exam ple, th e  s o i l  ta k e n  from th e  Lower W aterworks H i l l  bum  had h ig h ­
e r  amounts o f a l l  n u t r i e n t s  t e s t e d ,  bu t had a low er p e rcen tag e  o f  o rgan ic  
carb o n . However, th e  s o i l  from th e  G olf Course burn  was h ig h e r in
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T ab le  25. Average s p r in g  te m p e ra tu re s  o f burned  and unburned s o i l s  
a s  m easured a t  dep th s  o f 1 inch  and 2g in c h e s , 1959.
L o ca tio n 1 Inch  Depth o f S o i l 2 i  In ch es  Depth o f  S o i l
Date Burned Unburned D if f . Burned Unburned D if f .
po F° po po po po
S e n t in e l
4 /2 8 4 9 .0 48 .0 .2 4 7 .0 4 6 .8 .2
5/30 59 .8 57.6 2 .2 56.1 54 .8 1.3
6/23 81.6 75 .9 5 .7 7 5 .9 72 .2 3 .7
G olf Course
4 /1 2 54.8 52.0 2 .8 51.0 4 8 .4 2 .6
5/12 59.6 56.6 3 .0 54.5 52.7 1 .8
6/15 74 .2 7 2 .2 2 .0 69.1 68 .0 1.1
Jumbo
5/3 ------ — _ _ 60 .4 60.3 .1
6 /4 87 .8 8 6 .8 1.0 79.3 7 7 .8 1.5
6 /29 79 .7 7 9 .0 .7 75 .6 74 .9 .7
Lower W aterworks H i l l
4/21 73 .8 7 0 .4 3 .4 6 9 .0 6 6 .2 2 .8
5/21 73.9 7 2 .4 1.5 68 .7 67.6* 1.1
6 /16 92.3 89 .0 3 .3 82 0 2 80 .0 2 .2
Upper W aterworks H i l l
4 /14 66 ,6 63.4 3 .2 60.5 58 .4 2.1
5/12 75.3 7 3 .9 1 .4 68.1 65.6 2 .5
6 /16 74 .2 73 .0 1.2 69 .7 68.3 1.4
P a t te e  Canyon E ast
5 /7 60,5 57.2 3.3 54 .8 52.3 2 .5
6 /7 68.8 65 .5 3 .3 64.3 61 .2 3 .1
7 /5 77 .0 72 .7 4 .3 70„6 67.1 3 .5
P a t te e  Canyon N orth
4/23 57.6 55.8 1.8 53 .4 52 .2 1.2
5/22 55.6 55.6 .0 52.5 52.6 - .1
6/17 71.2 7 0 .4 .8 66 .7 66 .4 .3
Sample t  = 6 , 82 Sample t  = 6 .8 0
t 05 “  2 *09 tQ£J — 2 .0 9
t oi ~ 2 . 81 t 0 i = 2 .84
Table 26. R esu lts  o f chem ica l a n a ly s is  of th e  f i r s t  in c h  o f s o i l  taken  from  burned and unburned a re a s
n e a r M issoula,, M ontana, 1958,
L o ca tio n pH
u rg an ic
Carbon N2
C/N
R atio K Ca Mn Mg P
% % p .p .m . p .p .m . p .p .m . p .p .m . p.p.m.,
W aterworks H i l l Burn 6 .8 3 .7 6 .34 11/1 100.0 338 .5 1.3 73.7 4 .0
(Lower) Unburn 6 .7 4 .57 .32 H / l 5U 7 187.0 .9 68 .6 3 .4
W aterworks H i l l Burn 6 ,8 5.85 .30 19/1 48 .8 225.5 .7 53.6 3 .0
(Upper) Unburn 6 ,8 3 .8 9 .27 14/1 4 1 .8 180.0 .6 52 .8 2 .7
Golf Course Burn 6 .8 5 .86 .34 17/1 74 .5 225.5 .6 56.5 3 .0
Unburn 6 .8 4 .8 8 .40 12/i 49 .5 268.0 .7 6 3 .8 3 .0
S e n t in e l  jJ Burn 6 .7 5 .20 .39 13/i 73 .0 257.0 .9 58.7 2 .6
(Lower S lope) Unburn 6 .6 4 .6 8 .30 16/ t 48 .0 151.0 .5 47.5 2 .8
S e n t in e l  JJ Burn 6 .6 4.47 .31 14/1 108.5 168.5 .6 74 .5 3 .0
(M iddle S lope) Unburn - 5 .74 .38 15/1 61 .8 228.0 .6 52 .0 2 .4
P a tte e  N orth Burn 6 .8 6.21 .45 14/1 73 .0 228.0 .7 4 9 .4 3 .2
Unburn 6 .8 5 .60 .43 13/1 61 .8 228.0 .8 68.5 2 .7
P a t te e  E as t Burn 6 .6 6 .79 .43 16/1 120.0 264.5 .9 63 .8 3 .4
Unburn 6 .8 6 .58 .38 17/1 76 .0 252.5 .7 66 .0 3 .2
\J  S o i l  sam ples were c o l le c te d  in  1957»
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o rg an ic  carbon and p o ta ss iu m , but low er in  a l l  o th e r  n u t r i e n t s  excep t 
phosphorus, which rem ained unchanged.
R e su lts  o f th e  a n a ly se s  on th e  S e n t in e l  s o i l s  were in c o n s i s t e n t , 
m ainly  as a r e s u l t  of an in ad eq u a te  number of sam ples. However, p o ta s ­
sium and manganese showed an in c re a s e  as a r e s u l t  o f  b u rn in g  in  th e  two 
s o i l  sam ples ta k en  from th e r e .
M isce llan eo u s O b serv a tio n s  
E ro sio n
D uring th e  f a l l  and sp rin g  fo llo w in g  b u rn in g , a l l  o f th e  burned  
s ta n d s  were examined very  c a r e f u l ly  to  de term ine  i f  any e ro s io n  had tak en  
p la c e . Some a c c e le r a te d  sh e e t e ro s io n  was e v id e n t on a l l  th e  burned p o r­
t i o n s .  However, th e  e ro s io n  was a r r e s t e d  by th e  f a l l  o f 1958 on th e  Sen-' 
t i n e l  a re a , and by th e  f a l l  o f 1959 on th e  o th e r  a r e a s ,  a s  th e  burns were 
once a g a in  covered w ith  a good la y e r  o f n a tu r a l  m ulch.
G razing  P re fe re n c e
P a t te e  E ast and th e  Upper and Lower W aterworks H i l l  a re a s  were 
b e in g  g razed  a t  th e  tim e f i e l d  in v e s t ig a t io n s  were made. L iv es to c k  
showed a p re fe re n c e  f o r  th e  v e g e ta t io n  on th e  burned  p o r tio n s  a t  each of 
th e se  a r e a s .  F or exam ple, on May 21, 1959 a t  th e  Lower W aterworks H i l l  
a r e a ,  5 h o rse s  and 14 c a t t l e  w ere observed g ra z in g  in  th e  burned s ta n d , 
which was abou t i j  a c r e s  in  s i z e .  I t  was le a rn e d  th a t  th e  l iv e s to c k  had 
been tu rn e d  in to  th e  p a s tu r e ,  which was about 30 a c re s  in  s i z e ,  abou t 
May 16. E xam ination  o f th e  a re a  re v ea led  th a t  th e  unburned p o r tio n  o f 
th e  p a s tu re  had been v i r t u a l l y  un touched ; w hile  on th e  burned p o r tio n  
Agropyron sp ica tum  and Poa secu n d a , th e  two most im p o rtan t s p e c ie s ,  had
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been g razed  alm ost to  th e  ground and. n e a r ly  a l l  th e  flo w er heads of 
B alsam o rrh iza  s p . had been tak en  by th e  g ra z in g  an im a ls .
DISCUSSION
I t  i s  q u i te  e v id en t t h a t  b u rn in g  has an a d v e rse  e f f e c t  on n a t iv e  
v e g e ta t io n  o f W estern Montana ra n g e s . The degree o f damage ap pears  
la r g e ly  to  be dependent upon th e  c o n d itio n  o f th e  v e g e ta t io n ,  amount o f 
f u e l ,  exposu re , and tim e o f y e a r  in  which b u rn ing  o c cu rs . The h e a v ie s t  
damage o ccu rred  on a re a s  burned du rin g  th e  summer months where th e  con­
d i t io n  o f th e  v e g e ta t io n  was e x c e l le n t  and where th e r e  was th e  most f u e l .
The s p r in g  g reenness o f  burned  ranges may g iv e  th e  im p ress io n  o f 
e a r ly  s p r in g  growth and th e  abundance o f flo w ers  may seem to  in d ic a te  an 
a l t e r a t i o n  in  th e  com position  o f th e  p la n t  community; however, th e  g re e n ­
ness i s  m ere ly  th e  r e s u l t  o f th e  rem oval o f th e  p rev io u s  y e a r ’ s growth 
and th e  n a tu r a l  mulch which n o rm ally  would h ide  th e  new grow th. B urning  
may in c re a s e  th e  flo w er p ro d u c tio n  o f c e r ta in  fo rb  sp e c ie s  w ith o u t a c ­
t u a l l y  in c re a s in g  th e  number o f p la n ts  o f th e  s p e c ie s .  F ig u re  11 shows 
th e  e a r ly  s p r in g  g reenness o f th e  P a tte e  N orth  burn  in  A p r i l  1959.
The p ro d u c tio n  o f Agropyron sp ica tum  was g r e a te r  on th e  burned 
p o r tio n s  d e s p i te  th e  r e ta rd e d  growth and m oderate ro o t crown damage.
There i s  a p o s s i b i l i t y  t h a t  t h i s  in c re a s e d  p ro d u c tio n  may be due to  
wide l e a f  grow th and more t i l l e r s  p e r p la n t .
The in c re a se d  f lo w e r p ro d u c tio n  o f  A c h il le a  la n u lo sa  and th e  i n ­
c re a se d  seed s t a l k  p ro d u c tio n  o f F e s tu c a  s c a b r e l la  and K o e le r ia  c r i s t a t a  
du ring  th e  f i r s t  and second y e a r ,  r e s p e c t iv e ly ,  a f t e r  b u rn in g  i s  n o t 
u n derstood  c l e a r l y ,  e s p e c ia l ly  s in c e  th e  o th e r  sp e c ie s  d id  n o t respond in  
a s im i la r  manner. Evanko (1949) and B la i s d e l l  (1953) b e lie v e d  th a t  t h i s  
phenomenon may be r e la te d  to  a tem porary  in c re a s e  in  th e  a v a i l a b i l i t y  of 
n u t r i e n t s  and s o i l  m o is tu re . In  t h i s  s tu d y  a v a i la b le  m o is tu re  was n o t
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F ig u re  11. The e a r ly  sp r in g  g reen n ess  o f  th e  P a t te e  N orth  
burn th e  f i r s t  y e a r  a f t e r  b u rn in g .
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determ ined  b u t th e  s o i l s  were an alyzed  f o r  n u t r i e n t  c o n te n t .  The s o i l  
a n a ly s is  d id  n o t show any c o n s is te n t  in c re a s e  in  any o f th e  s o i l  n u t r i ­
en ts  ex cep t in  po tass iu m . S in ce  th e  a n a ly s is  was l im ite d  to  th e  f i r s t  
inch  o f s o i l ,  th e  a u th o r  f e e l s  t h a t  th e  r e s u l t s  do n o t r e p re s e n t  p o s s i ­
b le  n e t  lo s s e s  o r  n e t g a in s  in  a v a i la b le  s o i l  n u t r i e n t s  th ro u g h o u t th e  
e f f e c t iv e  s o i l  p r o f i l e .  T h e re fo re , f u r th e r  in v e s t ig a t io n s  a re  needed 
to  determ ine  th e  manner and m agnitude o f n u t r i e n t  changes in  th e  s o i l  
r e s u l t in g  from  b u rn in g .
E h re n re ic h  (1 9 5 9 ), on th e  o th e r  hand , a t t r ib u te d  th e  in c re a s e  in  
seed  s t a l k  p ro d u c tio n  o f g ra s se s  in  burned  b luestem  p a s tu re s  in  Iowa to  
in c re a se d  s o i l  te m p e ra tu re . In  t h i s  s tu d y  s o i l  te m p e ra tu re  was in ­
c reased  about two d eg rees a t  th e  one in ch  and two and o n e -h a lf  in ch  
dep th s  as a r e s u l t  o f b u rn in g ; how ever, t h i s  in c re a s e  was n o t s u f f i ­
c ie n t  to  a f f e c t  seed  s t a l k  p ro d u c tio n .
Of th e  f iv e  m ajor g ra s se s  s tu d ie d , th e  sp ec ie s  most s e r io u s ly  
damaged by b u rn ing  was F e s tu c a  id a h o e n s is . The e f f e c t s  o f  b u rn in g  on 
t h i s  sp e c ie s  s t i l l  s ig n i f i c a n t  a t  th e  end o f  th e  second y e a r  w ere:
(1) in c re a s e d  m o r ta l i ty ,  (2 ) p a r t i a l  ro o t crown damage, and (3 ) red u c­
t i o n  in  seed s t a l k  p ro d u c tio n . These e f f e c t s  may p e r s i s t  f o r  many y e a rs  
s in c e  B la i s d e l l  (1953) re p o r te d  t h a t  t h i s  s p e c ie s  had n o t f u l l y  reco v ­
e red  15 y e a rs  a f t e r  b u rn in g  in  Idah o .
K o e le r ia  c r i s t a t a  was damaged th e  l e a s t  by b u rn in g . T his i s  con­
t r a r y  to  Countryman and C o rn e liu s  (1 9 5 7 ), who found th a t  t h i s  sp e c ie s  
was k i l l e d  co m p le te ly  as  a r e s u l t  o f b u rn in g  on a b i t te r b r u s h - p e r e n n ia l  
g ra s s  range in  C a l i f o r n ia .
B urning damages a h ig h e r  p e rc en ta g e  o f th e  t o t a l  ro o t crown a re a  
o f th e  in d iv id u a l  g ra s se s  th a n  does g ra z in g . The r e s u l t s  of l e a f  and
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seed s ta lk  h e ig h t growth of in d iv id u a l g rass  sp ec ie s  measured on burned, 
p ro te c te d , and grazed p o r tio n s  of one a rea  revealed  th a t  burning  had a 
s l ig h t ly  g re a te r  adverse  e f fe c t  than  d id  g raz in g . S ince only one a rea  
was used fo r  t h i s  comparison th e  r e s u l t s  may not be conclusive  because 
th e  g raz ing  measurements were taken  from one s id e  of th e  p as tu re  and may 
not be re p re s e n ta tiv e  of th e  p a s tu re  as a whole.
The reason l iv e s to c k  seem to  p re fe r  burned a reas  over unbumed 
a reas  i s  not c le a r ly  understood. I t  may be th a t  th e re  i s  an in c re a se  in  
th e  p a l a t a b i l i t y  of th e  g ra sses  on th e  burned a re a  or i t  may be th a t  
when th e  old  growth i s  removed, th e  new growth becomes more re a d ily  
a v a i la b le .  S ince t h i s  p re fe ren ce  e x i s t s ,  th e re  i s  a d e f in i te  need fo r  
proper management fo llow ing  bu rn ing . I f  a burned range i s  not p roperly  
managed, then th e  damage to  th e  v eg e ta tio n  and consequent s o i l  damage 
may become s e r io u s .
I t  appears th a t  th e  e f fe c t  of a s in g le  burn i s  not s u f f ic ie n t  to  
cause any change in  th e  e c o lo g ic a l s tru c tu re  of W estern Montana ranges. 
However, repea ted  burn ing  very  l ik e ly  could r e s u l t  in  severe a l t e r a t io n  
of th e se  ranges.
SUMMARY AND CONCLUSIONS
The e c o lo g ic a l  e f f e c t s  o f a c c id e n ta l  b u rn in g  on g ra s s la n d  v e g e ta ­
t i o n ,  n a t iv e  to  th e  P a lo u se  p r a i r i e  re g io n , were s tu d ie d  on seven moun­
t a i n  ranges n e a r  M isso u la , Montana in  195# and 1959.
On one and two y e a r  o ld  burned ra n g e s , p la n t  g row th , developm ent, 
and p ro d u c tio n  o f th e  m ajor g ra s s  and fo rb  s p e c ie s ,  s o i l  te m p e ra tu re s , 
and s o i l  c o n s t i tu e n ts  were measured and compared w ith  a d ja c e n t  unburned 
s ta n d s .
B urning g e n e r a l ly  was found to  have an a d v e rse  e f f e c t  on f a l l  and 
sp r in g  l e a f  h e ig h t g row th , seed s t a l k  developm ent, herbage p ro d u c tio n , 
and p e rcen tag e  com position  o f F e s tu c a  s c a b r e l la  and F es tu ca  id a h o e n s is  
d u rin g  th e  f i r s t  y e a r  fo llo w in g  th e  b u rn . The o th e r  m ajor g ra s se s  were 
a f f e c te d  e q u a lly  excep t f o r  sp r in g  l e a f  h e ig h t growth o f K o e le r ia  c r i s ­
t a t e  and herbage p ro d u c tio n  o f Agropyron sp ica tu m , which in c re a s e d  a s  a 
r e s u l t  o f b u rn in g . Poa secunda . a lth o u g h  s l i g h t l y  damaged, showed an 
in c re a s e  in  herbage y ie ld  and p e rc en ta g e  com position .
B urning s l i g h t l y  reduced  th e  t o t a l  p la n t co v erag e . T o ta l  herbage 
p ro d u c tio n  was ab o u t th e  same f o r  burned  and unburned s ta n d s .
Tragopogon s p . in c re a s e d  in  d e n s i ty  as  a r e s u l t  o f b u rn in g , w here­
as A c h ille a  la n u lo s a , B alsam orrh iza  s p . , Lupinus s p . , and Zigadenus s p . 
were n o t a f f e c te d  s ig n i f i c a n t ly .  Bromus te c to ru m  was d ecrea sed  in  den­
s i t y  bu t showed a s l ig h t  in c re a s e  in  h e ig h t g row th , and produced tw ice  
th e  number o f s p ik e le ts  and t i l l e r s  in  th e  burned s ta n d .
G razing  damage was found in  a l l  unbum ed s ta n d s  as  ev idenced  by 
p la n ts  o f th e  m ajor g ra ss  sp e c ie s  w ith  dead o r  p a r t i a l l y  dead ro o t  
crow ns. As th e  g raz in g  h i s to r y  in  th e  burned  and a d ja c e n t unburned
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s tan d s  p ro b ab ly  has been i d e n t i c a l ,  th e  d i f f e r e n c e  in  ro o t crown damage 
betw een th e  two s ta n d s  was assumed to  be th e  r e s u l t  o f b u rn in g . The r e ­
s u l t s  o f  t h i s  com parison show th a t  b u rn in g  was more d e s t r u c t iv e  to  ro o t  
crowns th an  was g ra z in g . The s p e c ie s  most s e r io u s ly  damaged by b u rn in g  
was F e s tu ca  id a h o e n s is , fo llo w ed  by A gropyron sp ica tu m , Poa secu n d a , 
F e s tu ca  s c a b r e l l a , and K o e le r ia  c r i s t a t a . G razing  damage was most s e ­
v e re  on A gropyron sp ica tu m . fo llow ed  by F e s tu ca  s c a b r e l l a , F e s tu ca  idaho 
e n s i s ,  Poa secu n d a , and K o e le r ia  c r i s t a t a .
In  1 9 5 9 t h e  in f lo re s c e n c e  o f F e s tu c a  s c a b r e l la  emerged from th e  
boot about f iv e  days e a r l i e r  on th e  burned s ta n d . The d a te  o f emergence 
o f Agropyron sp ica tu m  and F estu ca  id a h o e n s is  was abou t th e  same f o r  
b u rn ed 'an d  unburned s ta n d .
On a two y e a r  o ld  b u rn , sp r in g  l e a f  h e ig h t growth o f a l l  th e  
m ajor g r a s s e s ,  p a r t i c u l a r l y  ..F e s tu ca  s c a b r e l l a , was s t i l l  below th e  un­
burned s ta n d . A h ig h e r  p e rcen tag e  o f p la n ts  o f F e s tu ca  s c a b r e l l a , F e s ­
tu c a  id a h o e n s is , and K o e le r ia  c r i s t a t a  were p roducing  seed s ta lk s  in  th e  
burned s ta n d . Of th e s e  th r e e  s p e c ie s ,  F e s tu c a  id a h o e n s is  was th e  on ly  
one which had few er seed  s t a lk s  p e r p la n t th a n  th o se  p la n ts  on th e  un­
bum ed p o r t io n .
S e v e ra l o f th e  g ra s se s  were found to  cu re  e a r l i e r  in  th e  burned 
s ta n d  th a n  in  a d ja c e n t unburned s ta n d s .  The m o is tu re  c o n ten t was found 
to  be low er in  th e  p la n ts  o f th e  burned a r e a .
S o i l  tem p e ra tu re s  on th e  burned a re a  g e n e ra l ly  were found to  be 
about one degree  c o o le r  in  th e  f a l l  o f th e  y e a r ,  w hereas in  th e  s p r in g  
th e  s o i l  te m p e ra tu re s  were abou t two deg rees  warmer a t  th e  one inch  
dep th  and about one and a h a l f  deg rees warmer a t  th e  two and o n e -h a lf  
inch  l e v e l .
P otassium  was th e  on ly  s o i l  n u t r i e n t  which showed a c o n s is te n t  
s ig n i f i c a n t  in c re a s e  in  s o i l s  from  th e  burned s ta n d s . No c o n s is te n t  
s ig n i f i c a n t  in c re a s e  o r  d e c rea se  in  o rg a n ic  carb o n , t o t a l  n i t r o g e n ,  c a l ­
cium, magnesium, m anganese, and phosphorus was found in  th e  s o i l s  from 
th e  burned a r e a s .  N u tr ie n t a n a ly s is  re v e a le d  no d e f ic ie n c ie s  in  any o f 
th e  s o i l s  t e s t e d .
A c c e le ra te d  sh ee t e ro s io n , e v id en t on a l l  b u rn s , was l a r g e ly  
a r r e s te d  by th e  second y e a r  a f t e r  b u rn in g  when th e  a re a s  once ag a in  
were covered  w ith  a good la y e r  o f n a tu r a l  mulch.
From th e  r e s u l t s  o f t h i s  s tu d y , th e  fo llo w in g  c o n c lu s io n s  a re  
drawn w ith  re s p e c t  to  a c c id e n ta l  b u rn in g  o f n a t iv e  W estern Montana 
ra n g e s :
1. Long te rm  e f f e c t s  o f b u rn in g  can n o t be determ ined  from  t h i s  s tu d y . 
However, e f f e c t s  s t i l l  s ig n i f i c a n t  a t  th e  end o f th e  second y e a r  a r e :
(1) in c re a s e d  m o r ta l i ty  o f g ra s s e s ,  (2) p a r t i a l  ro o t crown damage,
(3) reduced  v ig o r  o f  F e s tu ca  s c a b r e l l a , and (4) re d u c tio n  in  seed  s t a l k  
p ro d u c tio n  o f F es tu ca  id a h o e n s is .
2. B urning damages a h ig h e r  p e rcen tag e  o f th e  t o t a l  ro o t crown a re a  o f 
th e  in d iv id u a l  g ra s se s  th a n  does g ra z in g .
3 . A lthough th e  im m ediate e f f e c t s  o f b u rn in g  may n o t be sev e re  enough 
to  cause  a change in  th e  e c o lo g ic a l  s t r u c tu r e  o f th e  p la n t  community, 
th e  subsequen t management p r a c t ic e s  fo llo w in g  b u rn in g  may r e s u l t  in  s ig ­
n i f i c a n t  and. l a s t i n g  damage.
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Appendix I .  Approxim ate f i r e  i n t e n s i t y  o f  e ig h t burned  n a t iv e  ran g es  n e a r M issou la , M ontana, 1957
and 1953,
L o ca tio n DateBurned
Herage
Y ie ld
Burning
Index
Rate o f  
Spread
F ire  
I n t e n s i t y  2 /
#/A cre F t .  / s e c . B t u / s e c . / f t .
S e n t in e l 7-17-57 1400 44 .70 157
W aterworks H i l l  
(Lower)
7 -10-5# 600 JJ 2# .06 6
W aterworks H i l l  
(Upper)
7-22-5# #00 J J 40 .1 8 22
Jumbo 8 - 1-5# 800 \J 61 .59 74
Golf Course # -  4-5# 1400 34 .55 123
P a tte e  E as t 9 - 1-5# 1100 55 .70 122
P a t te e  N orth 9 -  1-5# 800 \J 55 .50 63
P a tte e  P o in t 8 -  1-59 #00 \J 34 .29 36
l J  E s tim a ted
2 /  I  = Hwr (D avis 1959). I  -  f i r e  i n t e n s i t y  in  Btu p e r  second p e r fo o t o f  f i r e  f r o n t ;
H = h e a t y ie ld  in  Btu p e r  pound o f  f u e l  (h ea t com bustion f o r  oven -d ry  g ra s s  was e s tim a te d  by 
P ro fe s s o r  R. S te e le ,  F o re s try  D epartm ent, Montana S ta te  U n iv e rs i ty ,  to  be 7*000 Btu p e r pound; 
w = w eight o f  a v a i la b le  f u e l  in  pounds; and r  = r a t e  o f  sp read  in  f e e t  p e r second.
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Appendix I I .  L o ca tio n  o f each s tu d y  a re a  by s e c t io n ,  to w n sh ip , and range .
S tudy  Area L o ca tio n
S e n t in e l
n 7
NEfc, NEi S ec . §2 , T .13N ., H.19W., 
Montana P r in c ip a l  M erid ian .
G olf Gourse NEi, NWi S ec. 34 , T .13N ., R.19W ., M.P.M.
Lower W aterworks H i l l s w £ , NW£ S ec . 15, T .13N ., R.19W., M.P.M.
Upper W aterworks H i l l s e £ , SWi S ec . 15, T .13N ., R.19W., M.P.M.
Jumbo s e £ , NWj S ec . 24, T .1 3 N ., R.19W., M.P.M.
P a t te e  Canyon 
E a s t a re a n e £ , SEz; S ec . 4 , T .12N ., R.19W ., M.P.M.
N orth  a re a s e £ , NE^ S ec . 4 , T .12N ., R.19W ., M.P.M.
P a t te e  P o in t s e £ , NWj- S ec. 9 , T . 12N ., R.19W ., M.P.M.
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APPENDIX I I I .  
Methods o f  A n a ly sis
The fo llo w in g  methods were employed, in  th e  a n a ly s is  o f th e  s o i l  
sam ples:
1. T e x tu ra l  a n a ly s is  -  Bouyoucos Method..
2 . O rganic carbon -  Wet Combustion Method by u s in g  and
K2GiW
3 . T o ta l  n itro g e n  -  K je ld a h l Method.
4 . S o i l  r e a c t io n  -  G lass e le c tro d e  method w ith  a Beckman pH
m ete r.
5. Exchangeable ca lc ium , exchangeable  p o ta ss iu m , exchangeable 
phosphorus, exchangeable manganese and exchangeable magnesium were 
determ ined  by s ta n d a rd  la b o r a to r y  methods (Holmes, 1959) and u s in g  
th e  Lumetron p h o to e le c t r ic  c o lo r im e te r .
Appendix IV* E f fe c ts  o f  b u rn in g  on coverage and com position  o f  f iv e  a re a s  as de term ined  by  l i n e
____________ in te r c e p t  method* 1 /_____________________________________
P a tte e Canyon G olf Course W aterworks H i l l
S p ec ies E ast North Lower Upper
Burn Unburn Burn Unburn Burn Unburn Burn Unburn Burn Unburn
f t . f t . f t . f t . f t . f t . f t . f t . f t .  f t .
L ive 2 .46 5 .28 2 .0 8 3 .6 0 .71 1.02 1.10
Agropyron Dead 2 / 2 .6 8 1.65 6 .12 4 .02 .61 .19 2 .72
sp ica tum T o ta l 5*14 6 .93 8 ,20 7 .62 1.32 1.22 3 .82
% Dead 52.1 2 3 .8 46 .2 15.7 71 .2
L ive .59 .94 1.29 1.87
F e s tu c a Dead .30 .32 .96 .38
s c a b r e l la T o ta l 1.49 1,26 2.25 2.25
% Dead 3 9 .6 ... 25 .4
L ive 1.V7 2.21
F e s tu ca Dead *84 .45
id a h o e n s is T o ta l 2.31 2.66
% Dead 3 6 .4  ... . 1 6 . 9 ...
L ive • 53 .7 4 .50 .61 .73 .52
K o e le r ia Dead .55 .06 .30 .06 1.26 .49
c r i s t a t a T o ta l 1 .08 .80 .80 .67 1.99 1.01
% Dead 50 .9 Tai- 37 .5 9 .0
L ive 1.75 1.37 4.75 3.25 1.67 1.40 2 .16 1.63 2 .65
Poa Dead 1.07 .2 8 3 .42 1.03 3 .1 7 .83 3.11 1.21 3 .7 0
secunda T o ta l 2 .8 2 1.65 8 .17 4.28 4 .8 4 2.23 5.27 2 .8 4 6.35
% Dead 3 7 .9 17.0 4 1 .9 24.1 59.0 42 .6 58 .3
Bromus te c to ru jn T o ta l .25 - 3 .0 6 7 .1 4L ive " .3 7 ♦7*T ^.10 7 .42 1.23 3 .23 1.19
Dead •33 .06 6.21 1.02 1.30 2 .17 .51
T o ta l .70 .8 4 12.31 8 .44 1.53 5.40 1.70
% Dead 47.1 7.1 5 0 .4 12.1 19.6 4 0 .2 30 .0
Forbs T o ta l 3 .9 3 2 .1 6 5.94 8.85 2.50 ....5 .4 4 .. 4 .68 2 .63
T o ta l L ive 9 .04 10.33 19.35 23 .28 9.75 16,44 11.80 12.42
T o ta l Dead 2 / 4 .6 3 2 .0 5 11.67 2 .8 8 11.81 7.89 4 .23 1.40
Bare 44,-31. 87 .62 68.98 73.84 ....78 .44 75.67 83.97 86 .18
T o ta l  F ee t 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
T J  A d justed  to  100f o f l i n e  i n t e r c e p t .
2 /  Dead i n t e r c e p t  en co u n te red  on unburned p o r tio n s  i s  due to  p a s t  g ra z in g  and dead in te r c e p t  
en co u n te red  on burned  p o r t io n s  i s  due t o  b u rn in g  and p a s t  g ra z in g .
Appendix V. S o il c l a s s i f i c a t io n  and te x tu r a l  a n a ly s is  o f  th e  f i r s t  inch  o f s o i l  tak en  from th e
burned ranges near Missoula* Montana* 1958.
L o ca tio n S o i l  C la s s i f ic a t io n  \J
Over
2 mm, Sand S i l t
W aterworks H i l l  
(Lower )
W aterworks H i l l  
(Upper)
G olf Course
S e n t in e l  2 /  
P a t te e  N orth 
P a t te e  E as t
Chernozem re g a s o l  
Desmet g r a v e l ly  loam
Chernozem re g a so l 
Desmet g r a v e l ly  loam
C hestnu t l i th o s a l*
G astner s to n y  loam* q u a r tz  v a r ie n t
C hestnut l i t  ho sa l,,
C as tn e r s to n y  loam* q u a r tz  v a r ie n t
Chernozem*
Skalkaho s to n y  loam* dark  v a r ie n t
C hestnu t l i th o s a l*
C astn e r s to n y  loam* q u a r tz  v a r ie n t
63.7 59.7 28.1
59.0  58 .0  3 0 .8
58.1 60 .7  2 9 .8
64 .9  50.5  37 .3
55.6  56.1 3 3 .6
38 .5  48 .5  36.1
\ J  C o u rtesy  o f  th e  S o i l  C o n serva tion  Serv ice*  M issoula* Montana, 
2 /  Samples c o l le c te d  1957.
Clay
%
12.2
1 1 . 2
9 .5
12.2
10.3
15.4
Appendix VI* P la n t sp ec ie s  found on s ix  study  a reas  n ea r M issoula, Montana, 1959.
Species
Study Area
S e n tin e l GolfCourse
P a tte e  Canyon 
North E ast
Waterworks
Lower
H il l
Upper Jumbo
G rasses and G rass lik e  P la n ts
Agropyron spicatum  (Pursh) S crib n . & Smith X X X X X X X
Bromns tec to rum  L. X X X X X X X
Carex f i l i f o l i a  N utt: X X X X
F estu ca  id ah o en s is  Elmer X X X X
F. s c a b re l la  T o rr. X X X X X
K o e le ria  c r i s t a t a  (L .) P e rs . X X X X X X X
Poa sp . X X X X X
P. secunda P re s l . X X X X X X X
S tip a  Columbiana Macoun. X
S. comata T rin . & Rupr. X X X
Forbs
A ch ille a  la n u lo sa  N u tt. X X X X X X
Allium  cernuum Roth. X
Androsace o c c id e n ta l is  Pursh X
A ntennaria  dimorpha (N u tt.)  T. & G. X
A. p a r v i f o l ia  N u tt. X X X X
A. ro se a  Greene X
Apocynum androsaem ifolium  L. X
A ppendix V I, (C o n tin u ed )
Species
A rabis H o lb o e ll i i  v a r .  r e t r o f r a c ta  
(Graham) Rydb.
A. N u t t a l l i i  Robin
A rnica fu lg en s  Pursh
B alsam orrhiza s a g i t t a t a  (Pursh) N utt,
Besseya ru b ra  (D ougl.) Rydb.
Campanula ro tu n d if o l ia  L,
C erastium  arvense L,
C hrysopsis v i l l o s a  (Pursh) N u tt.
C la rk ia  p u lc h e lla  P u rsh .
C lay ton ia  l i n e a r i s  Dougl.
C o llin s ia  p a r v i f lo r a  Dougl.
Collom ia g ra n d if lo ra  Dougl. ex L in d l.
Comandra p a l l id a  A. DC.
C repis O ccidenta l i s  Nutt
Delphinium b ic o lo r  N u tt,
D escu ra in ia  c a l i f o rn ic a  (Gray) Schulz
D. R ieh ard so n ii (Sweet) Schulz.
Dodecatheon conjugens Greene
Study Area
T. " Golf P a tte e  Canyon Waterworks H il l  S e n tin e l n  %T x u  r?  ^  t  t t  JuinboCourse North East Lower Upper
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
A ppendix V I. (C o n tin u ed )
Study Area
Species S e n tin e l Golf P a tte e  Canyon Waterworks H il lCourse North East Lower Upper Jumbo
E rigeron  f i l i f o l i u s  Nutt* X
Eriogonum o v a lifo liu m
v a r .  ochroleucum (Sm.) S t.
F r i t i l l a r i a  pudica (Pursh) Spreng. X X X
G a il la rd ia  a r i s t a t a  Pursh X
Geum tr i f lo ru m  Pursh X
H ackelia c in e re a  (P ip e r) J tn .
Heuchera c y l in d r ic a
v a r . g la b e l la  (T. & G .) Wheelock X
Lappula Redowskii (Hornem.) Greene
Lew isia re d iv iv a  Pursh X X
Lithophragma bulb iferum  Rydb. X X
L. parv iflo rum  (Hook.) Nutt* X X
Lithospermum ru d er a le  Lehm. X X
Lomatum montanum C oult. & Rose X
L. sim plex (N u tt.)  Macbr. X X X
Lupinus s e ric e u s  Push X X X
M ertensia  o b lo n g ifo lia
v a r . nevadensis (A. N e ls .)  Mas. X X X
M ic ro s te r is  hum ilis  (Dougl. ex Hook.) Greene X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
A ppendix V I, (C o n tin u ed )
Study Area
S p ec ies 0 , . .. G olf P a tte e  Canyon W aterworks H i l l  T ,S e n t in e l  _ „  ,, 1  , T it JumboCourse N orth E ast Lower Upper
M yosotis s t r i c t a  L in k ,
O rthocarpus spp ,
Penstemon sp p ,
P h a c e lia  h e te ro p h y lla  Pursh 
P, le u c o p h y lla  T o rr ,
P , l i n e a r i s  (P u rsh ) H olz. 
Polygonum B is to r to id e s  Pursh 
PI an t ago P u r s h i i  Roem & S c h u lt .  
P o t e n t i l l a  g la n d u lo sa  L in d l, 
R anunculus g la b e rrim u s  Hook. 
Rumex a c e to s e l l a  L,
S a x if ra g a  rhom boidea Greene 
Senecio  canus Hook,
S. in te g e rr im u s  N u tt.
S i le n e  sp .
Sisymbrium o f f i c i n a l e  ( L .) Scop. 
Taraxacum sp .
Tragopogon sp .
Z igadenus venenosus S, W ats,
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
A ppendix V I. (C o n tin u ed )
Study Area
e + • i Golf P a tte e  Canyon b e n tin e i Course North East
Waterworks H ill  
Lower Upper Jumbo
Shrubs
Amelanchier a l n i f o l i a  N u tt. X X
A rtem isia  f r ig id a  W illd . X X X X
Ribes sp . X X
Rosa sp . X X
CO
Vrs
